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The Society of Arts, established in conformity with the plan 
of the Massachusetts Institute of Technology as set forth in the 
act of incorporation, held its first meeting on April 8, 1862. 

The objects of the Society are to awaken and maintain an 
active interest in the practical sciences, and to aid generally in 
their advancement in connection with arts, agriculture, manufac- 
tures, and commerce. Regular meetings are held semi-monthly 
from October to May. 

The Society has discontinued the publication of the Abstracts 
of Proceedings^ and now publishes its proceedings and the principal 
papers read at its meetings in the Technology Quarterly. The 
present volume contains the proceedings from January, 1894) to 
December, 1894, inclusive. 

The Quarterly contains, also, the results of scientific investi- 
gations carried on at the Institute, and other papers of interest 
to its graduates and friends. 

Neither the Massachusetts Institute of Technology nor the 
Society of Arts assumes any responsibility for the opinions or 
statements in the papers. 



CONTENTS. 



49 
51 



PAGB 

Proceedings of the Society of Arts '» 77i 313 

New South Wales Wool Exhibit at the World's Colum- 
bian Exposition Henry (?. Kittredge .... ^ 

The Wood Architecture of Switzerland William Danmar .... 21 

A Classification of Economic Geological Deposits Based 

on Origin and Original Structure W, O, Crosby 27 

Moment of Inertia of Solid of Revolution Albert F, Hall .... 

The Electrical Purification of Water Thomas M, Drown . . 

On the Determination of Nitrates in Potable Water by 

the Phenolsul phonic Acid Process Augustus H Gill .... ^e 

The Effect of Heat upon the Digestibility of Gluten, | f^^^**,-^' ^'Z'*'*''^-' ' ' * \ 6^ 

C Elizabeth Mason . . . . ) ^ 

A Proposed Formula for White Pine Posts .... James H. Stanwood ... 66 

Cryoscopic Experiments with the Aluminates and Bo- ( A, A, Noyes ) 

rates of the Alkali Metals \ W. R, Whitney .... J ^^ 

Non- Arcing Lightning Arresters Alexander Jay Wurts . 81 

Smoke Prevention Henry J, Williams . .122 

Results of Tests Made in the Engineering Laborato- 
ries (I) .133 

Extracts from Reports of Visiting Committees of the 

Corporation, March, 1S94 . . 174 

Award Received at the World's Columbian Exposition, 

Chicago, 1893 . . . ^ 182 

Some Experiences in Engineering Practice . ' . . . . George Duncan . . . 183 
An Apparatus for Measuring Difference of Phase be- 
tween Alternating Currents Louis Derr .... . 205 

The Electrolytic Reduction of Paranitrobenzoic Acid in ( A. A, Noyes .... 

Sulphuric Acid Solution \ A, A. Clement 

Some Observations on the Growth of Diatoms in Sur- 
face Waters George C, Whipple .... 214 

Close Sizing Before Jigging Robert H. Richards . . . 232 

Composite Heliochromy F. E, Ives 317 

The Colonial Style of Architecture William Danmar .... 324 

Studies on the Voltaic Cell .......... /^. Af. Goodwin 329 

Summer Instruction at the Institute 367 

The Institute and the Study of the Prevention of Loss 

by Fire Edward Atkinson .... 380 

Books Received • 312, 384 



211 



MASSACHUSETTS INSTITUTE OF TECHNOLOGY. 



Jlbndttp of %vt^. 



OFFICERS, 1894 -I 89 5. 



President of the Institute. . 

Francis A. Walker, LL.D. 



Executive Committee. 

George W. Blodgett,- Chairman, 

C. J. H. Woodbury. George O. Carpenter. 

Henry M. Howe." Henry C Morse. 

Secretary. 

Clement W. Andrews. 



Board of Publication. 

Thomas M. Drown, Chairman. 

Henry M. Howe. 

A. Lawrence Rotch. 

William T. Sedgwick. 

Editor. 

Clement W. Andrews. 



"TEC I Y' 
• IIARTERLY- 

AND-PROCEEDINGS-OPTHE- 

-SOCIETY OJ^ARTS^ 



: CONTENTS ; 

Proceedings of the Society o[ Arts i 

New Soatb Wales Wool Exhibit at the World's Columbian I „, „ ^ v;«,.v_ 

Exposition J ^""^ ^' ■«'^«W« - 4 

The Wood Architecture of Switzerland William Danmar . . ai 

A ClassiflcaiiOD of Economic Oeolorlcal Deposits, based on Ori- X-arnf^i. 

Kin and Original Strticture \W. O. Croby ... a? 

Moment ot Inertia of Solid ot Revolution Athtri F. ffall . . . 49 

Tbe Electrical PuriBcation of Water Thomas M. Drown . 51 

Oa the Determination of Nitrates in Potable Water by the I >„„„^, t, j-.„ 

Phenolsulphonic Acid Process ( "^"i"^'"' ^- ^'" • • S5 

The Effect of Heat upon the Difiestibillty of Gluten | ElUab^h AT^''' ' "3 

A Proposed Formula for White Pine Posts James H. StaiivmJ . 06 

Cryoscopic Experiments with tbe Aluminatea and Borates of the ) A. A. Noya _. 

Alkali MetalB \ W. R. Whilnty * * 7** 



MASSACHUSETTS INSTITUTE OP TECHNOLOGY, 

'■ BOSTON. 
Eotited u leceDd-clau mall natter at the Boatoii Poet Office. 



ADVEK T/SEMEXrs. 

<^^OUR NEW STORE_^ 

Which we have opened in the 
GRUNDMANN STUDIOS. CLARENDON STREET, 

NEAR ST. JAMES AVENGE. 
Is conveniently located for our patrons in that vicinity. We 
carry there a complete line of 

ARCHITECTS', DRAFTSMEN'S 

and ARTISTS' MATERIALS, 

and a large assortment of 

Piclure Mouldinas. 
f ADSf ORTH, HOWUND & GO. (DCOEPOEim), 

82 4 84 WASHINGTON STREET, BOSTON, MASS.; 
ALSO, SfRlNCFlELD, AMESBURY AND CHICAGO. 



DRAFTING INSTRUMENTS OF ALL KINDS. 

Drawlns Paper, TracinK Paper, Tracing Cloth, Triangle*, Curve*, T Square*. 

ARTISTS' MATERIALS OF EVERY DESCRIPTION, 

Oil Colore, Water Colore, Fiae Brushes, Sketch Blocks, Canvas, Ea*el*, etc. 

FROST & ADAMS - - 37 Cornhill, Boston. 

Bend [or niuitraled Catalsgue. Spedsl Tcnai to Btndeati. 

(2) 



BY-LAWS 



Objects of the Society. « 

The objects of the Society are to awaken and maintain an active 
interest in the practical sciences, and to aid generally in their advance- 
ment and development in connection with arts, agriculture, manufac- 
tures, and commerce. 

The Society invites all who have any valuable knowledge of this 
kind which they are willing to contribute to attend its meetings and 
become members. Persons having valuable inventions or discoveries 
which they wish to explain will find a suitable occasion in the Society 
meetings, subject to regulations hereafter provided ; and while the 
Society will never indorse, by vote or diploma or other official recog- 
nition, any invention, discovery, theory, or machine, it will give every 
facility to those who wish to discuss the principles and intentions of 
their own machines or inventions, and will endeavor at its meetings, 
or through properly constituted committees, to show how far any 
communications made to it are likely to prove of real service to the 
community. 

Section I. — Administration. 

The immediate management and control - of the affairs of the l 

Society of Arts shall be exercised by an Executive Committee, con- 
sisting of the President of the Institute and the Secretary of the 
Society (who shall be members ex officiis)^ and five other members, 
who shall be elected by the Society of Arts at each annual meeting, 
to continue in office until other persons have been chosen in their 
place. 

Sect. II. — Duties of the Executive Committee. 

The Executive Committee shall elect its chairman, prescribe his 
duties, and, with the concurrence of the Treasurer of the Institute, 
fix his compensation when the interests of the Society require that 

 • • 
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he should be paid for his services ; they may invite any person to 
preside at any ordinary meeting who is well versed in the subjects 
to be discussed ; they shall appoint the days and times of meeting, 
when not fixed by the Society, and determine the subjects to be con- 
sidered at the meetings and the mode of conducting the discussions ; 
they may, with the concurrence of the President of the Institute, 
make such arrangements for reporting and publishing the proceedings 
of the Society as they may deem best suited .to advance its interests ; 
they may receive moneys in behalf of the Society in aid of its objects, 
by subscription, donation, or bequest ; they shall make a report of 
their doings to the Society at its annual meeting and at such other 
times as a report may be called for by a majority of the members pres- 
ent at any meeting ; they shall also make a report of their doings to 
the President of the Institute prior to the annual meeting, and at such 
other times as the Corporation may require it. Four members shall 
constitute a quorum for the transaction of business. 

"^ 
Sect. III. — Duties of the President and Secretary. 

1. It shall be the duty of the President of the Institute to preside 
at the annual and the special meetings of the Society, and also at its 
ordinary meetings when the Executive Committee does not invite a 
special chairman to preside. 

2. It shall be the duty of the Secretary of the Society to give 
notice of and attend all meetings of the Society and of the Executive 
Committee ; to keep a record of the business and orders of each meet- 
ing, and read the same at the next meeting ; to keep a list of the mem- 
bers of the Society, and notify them of their election and of their 
appointment on committees ; and generally to devote his best efforts, 
under the direction of the Executive Committee, to forwarding the 
business and advancing the interests of the Society. He shall also 
record the names of the Executive Committee attending each meeting. 

Sect. IV. — Funds of the Society. 

All the fees and assessments of members, and all moneys received 
by subscription, donation, or otherwise, in aid of the Society, shall be 
paid into the treasury of the Corporation, to be held and used for the 
objects of the Society under the direction of the Executive Commit- 
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tee, and shall be subject to the order of its Chairman, countersigned 
by the President of the Corporation. 

Sect. V. — Meetings of the Society . 

1. The annual meeting of the Society shall be held at the Insti- 
tute on the second Thursday in May. The ordinary meetings shall be 
held semi-monthly, or whenever deemed expedient by the Society or 
by the Executive Committee, excepting in the months of June, July, 
August, and September. 

2. If from any cause the annual meeting shall not have been 
duly notified or held as above required, the same shall be notified and 
held at such time as the Executive Committee may direct. 

3. A special meeting of the Society may at any time be called by 
the Secretary on a written request of ten members. Twelve members 
of the Society shall constitute a quorum for the transaction of business. 

Sect. VI. — Members and Their Election. 

1. Members of the Society of Arts shall be of three kinds — 
Associate, Corresponding, and Honorary Members. 

2. Candidates for Associate Membership shall be recommended by 
not less than two members, whose signatures shall be aflSxed to a writ- 
ten or printed form to that effect. Each nomination shall be referred 
to the Executive Committee, and when reported favorably upon by 
them, and read by the Secretary, may be acted upon at the same 
meeting; the election shall be conducted by ballot, and affirmative 
votes to the number of three fourths of the votes cast shall be neces- 
sary for an election. 

3. Corresponding and Honorary Members may be elected in the 
same way, on nomination by the Executive Committee. 

4. Associate Meinbers shall pay an admission fee of three dollars 
before being entitled to the privileges of membership, and an annual 
assessment of three dollars on the first of October of each year, this 
sum to include subscription to the Technology Quarterly and Proceed- 
ings of the Society of Arts, 

An Associate Member who shall have paid at any one time the 
sum of fifty dollars, or annual assessments for twenty years, shall 
become a member for life, and be thereafter exempted from annual 
assessments. 
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A member neglecting to pay his annual assessment for six months 
after being notified that the same is due shall be regarded as having 
withdrawn his membership, unless otherwise decided by the Execu- 
tive Committee, which shall be authorized, for cause shown, to remit 
the assessments for any one year ; and which shall moreover be em- 
powered to exempt particular members from assessments whenever 
their claims and the interests of the Society make it proper to do so. 

Sect. VII. — Election of the Executive Committee and of 

THE Secretary. 

I. At an ordinary meeting of the Society, preceding the annual 
meeting, a nominating committee of five shall be chosen, whose duty 
it shall be to nominate candidates for the Executive Committee, to post 
a list of the names selected in the office of the Secretary, and to fur- 
nish printed copies thereof to the members at or before the time of 
election. 

^. At a meeting at which an election is to take place the presiding 
officer shall appoint a committee to collect and count the votes and 
report the names and the number of votes for each candidate, where- 
upon he shall announce the same to the meeting. 

3. A majority of the votes cast shall be necessary to an election. 

4. In the first organization under these By-Laws, the Executive 
Committee may be elected at an ordinary or special meeting. 

5. Vacancies in the committee occurring during the year may be 
filled by the Society at an ordinary meeting. 

6. The Secretary shall be elected by the Society, on nomination 
by the Executive Committee, at each annual meeting of the Society, 
or, in case of a vacancy during the session, at such other time as the 
Executive Committee may appoint ; and he shall be reeligible in the 
same way at the pleasure of the Society. 

7. The compensation of the Secretary shall be fixed from year to 
year by the Executive Committee with the concurrence of the Treas- 
urer of the Institute. 

Sect. VIII. -^—Committees of Arts. 

I. The Members of the Society of Arts may be enrolled in divi- 
sions, under the following heads, according to the taste or preference of 
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the individual ; each division to constitute a committee upon the sub- 
jects to which it appertains : 

(i) On Mineral Materials, Mining, and the Manufacture of Iron, 
Copper, and other Metals. 

(2) On Organic Materials — their culture and preparation. 

(3) On Tools and Implements. 

(4) On Machinery and Motive Powers. 

(5) On Textile Manufactures. 

(6) On Manufactures of Wood, Leather, Paper, India Rubber, and 
Gutta Percha. 

(7) On Pottery, Glass, Jewelry, and works in the Precious Metals. 

(8) On Chemical Products and Processes. 

(9) On Household Economy ; including Warming, Illumination, 
Water-Supply, Drainage, Ventilation, and" the Preparation and Preser- 
vation of Food. 

(10) On Engineering, Architecture, and Ship-building. 

(11) On Commerce, Marine Navigation, and Inland Transporta- 
tion. 

(12) On Agriculture and Rural Affairs. 

(13) On the Graphic and Fine Arts. 

(14) On Ordnance, Firearms, and Military Equipments. 

(15) On Physical Apparatus. 

2. Any member may belong to more than one of the above-named 
Committees of Arts, but shall not at the same time be eligible as chair- 
man in more than one. 

3. It shall be competent for each Committee of Arts, of ten or 
more members entitled to vote, to organize ; to elect annually in Octo- 
ber, or whenever a vacancy shall occur, a chairman ; to appoint its own 
meetings ; and to frame its own By-Laws, provided the same do not 
conflict with the regulations of the Society of Arts. 

Sect. IX. — Amendment and Repeal. 

I. These By-Laws may be amended or repealed, or other pro- 
visions added, by a vote of three fourths of the members present at 
any regular meeting of the Society ; provided that such changes shall 
have been recommended and approved in accordance with the By-Laws 
of the Corporation (see extract from By-Laws of Corporation as 
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printed below) and presented in writing at a preceding meeting of 
the Society. 

2. These By-Laws shall take eflfect immediately after their ap- 
proval by the Corporation and adoption by the Society, and all previous 
By-Laws are hereby repealed. 

Extract from the By-Laws of the Corporation. 

The Committee on the Society of Arts shall consist of ten mem- 
bers, who shall have the general charge and supervision of the organ- 
ization and proceedings of the Society, subject to the approval of the 
Corporation. It shall be their duty, in connection with a duly chosen 
committee of the same number of members of the Society, to form 
from time to time By-Laws for the government of the Society, which 
shall take effect when approved by the Corporation and adopted by 
the Society. 

October^ i8giS- 
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Thursday, January 11, 1894. 

The 453d meeting of the Society of Arts was held at the 
Institute this day at 8 p.m., Professor Lanza in the chair. 

A paper on the " Australian Wool Exhibit at the World's Colum- 
bian Exposition " was presented by Mr. Henry G. Kittredge, of Boston. 
The paper is printed in full in the present number of the Quarterly, 
The Chairman extended the thanks of the Society to Mr. Kittredge, 
and declared the meeting adjourned. 



Thursday, February 8, 1894. 

The 454th meeting of the Society of Arts was held in the 
Engineering Laboratories of the Institute this day at 8 p.m., Mr. 
Henry M. Howe in the chair. 

The records of the previous meeting were read and approved. 

Mr. William Tracy Eustis, of Brookline, was duly elected an 
Associate Member of the Society. 

The following papers were read by title : 

" Some Experiments for Determining the Refractoriness of Fire- 
clays," by H. O. Hofraan and C. D. Demond. 
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"On an Apparatus for the Measurement of Coefficients of Self- 
induction and the Investigation of the Phenomena of Alternating 
Currents," by Frank A. Laws. 

"Matrices which Represent Vectors," by W. H. Metzler, Ph.D. 

The Chairman then introduced Professor Gaetano Lanza, of the 
Institute, who spoke briefly of the principles governing the construc- 
tion of testing machines and then described in detail the 300,ocxD- 
pound Emery testing machine and the icx),ooo-pound beam testing 
machine. He was followed by Professor E. F. Miller, of the Insti- 
tute, who described the new torsion testing machine. Tests were 
then made on these machines. A spruce column, 8" X 8".i X i6', 
was broken by compression in the Emery machine under a maxi- 
mum load of 1 56,800 pounds ; a yellow pine beam was broken in 
the beam machine under a maximum load of 13,500 pounds; and a 
Norway iron bar, 2" in diameter .and 6' long, was twisted off after 
seventeen revolutions in the torsion machine under a maximum load 
of 75,000 inch-pounds twisting moment. 

At the close of the tests the meeting adjourned. 



Friday, March 9, 1894. 

The 455th meeting of the Society of Arts was held at the 
Institute this day at 8 p.m.. Prof. Dwight Porter in the chair. 

The records of the previous meeting were read and approved. 

Mr. Charles B. Appleton, of Brookline, Mr. J. Holly Craig, Mr. 
J. E. Moultrop, and Dr. H. F. Libby, of Boston, were duly elected 
Associate Members of the Society. 

The following papers were read by title : 

"Tests on the Efficiency of Jack-Screws," by E. F. Miller and 
W. A. Johnston. 

" Classification of Economic Geological Deposits Based on Origin 
and Original Structure,'* by W. O. Crosby. 

The Chairman then introduced Mr. Charles H. Dalton, of the Sub- 
way Commission, who addressed the Society on the subject of the 
difficulties of transportation of passengers and merchandise in Boston 
and the relief offered by the proposed Tremont Street Subway. He 
was followed by Professor George F. Swain, of the Commission, who 
described and explained, with the aid of plans and a model, the pro- 
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posed route and construction of the subway. Mr. ^. T. Wheelwright, 
City Architect of Boston, gave a brief description of the arrange- 
ment of the stations 
H The meeting then adjourned. 



Thursday, March 22, 1894. 

The 456th meeting of the Society of Arts was held at the 
Institute this day at 8 p.m., Mr. C. J. H. Woodbury in the chair. 
The records of the previous meeting were read and approved. 
Mr. Edgar H. Mumford, of Netherwood, New Jersey, was duly 
elected an Associate Member of the Society. 

The Chairman then introduced Mr. William Danmar, of Brooklyn, 
who read a paper on "The Wood Architecture of Switzerland." The 
paper was very fully illustrated, and is printed in the present num- 
ber of the Quarterly, A short discussion on the adaptation of Swiss 
architectural principles to American conditions, in which the Chair- 
man and others took part, followed. 

The thanks of the Society were voted to Mr. Danmar for his very 
interesting- and instructive paper, and the meeting adjourned. 

Clement W. Andrews, Secretary. 
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NEW SOUTH WALES WOOL EXHIBIT AT THE WORLUS 

COLUMBIAN EXPOSITION 

By henry G. KITTREDGE. 

Read Janamry ii» 1894. 

The foreign-wool exhibit at the World's Columbian Exposition had 
a twofold interest to Americans, because of its g^eat intrinsic merit 
and of the part it is likely to play in the near future in the manufac- 
turing industry of the country as representative of the wools that will 
enter our ports in large quantities free of duty. No finer exhibit of 
foreign wools was ever before seen in the United States. The Argen- 
tina wool exhibit was a revelation to our manufacturers for its g^eat 
excellence, more because of their unfamiliarity with the wools which 
the exhibit represented than for any particular points of superiority 
which it possessed over that from Australia. In case of the importa- 
tion of wool free of duty, the Argentina wools, both the Merino and 
the cross breds, will be more seriously considered for our manufac- 
tures than would have been the case had no exhibit of this kind 
been made. 

It is my purpose, however, to confine my remarks to the wool 
exhibit of New South Wales, with an occasional allusion to that of 
Victoria, Australia. The colony of New South Wales is the mother 
colony of the Australian group. Her wool exhibit was under the im- 
mediate charge of Alexander Bruce, chief government inspector of 
stock in the colony, and for the past forty years identified with the 
pastoral industry of Australia. To him is due the credit of eradicat- 
ing the scab disease from among the sheep flocks of New South Wales 
by strictly enforcing the law requiring thorough dipping of sheep at 
shearing time in prophylactic decoctions. 

The New South Wales exhibit contained representative wools from 
all the sheep districts of the colony except those of Cobar, Ivanhoe, 
and eleven small districts, whose flocks numbered, in 1891, 2,400,000 
sheep. Thus less than 4 per cent, of the number of sheep in the 
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colony were unrepresented at the Fair, and this small proportion was 
confined chiefly to the uninviting region between the Lachlan and 
Darling Rivers. There are 63 sheep districts in New South Wales, 
and 20 wool districts, containing altogether, according to the 1891 
stock returns, about 62,000,000 sheep. By reference to the map, the 
various wool districts, or nineteen of them, will be seen indicated 
upon it. It will be observed that the railway intersects most of them. 
The wool districts, according to their importance in the number of 
sheep, are as follows : 

. Sheep. 

Lachlan • . 5,452,571 

Riverina 5,231,146 

Upper Murrumbidgee 5,099381 

Upper Darling 4,808,672 

Western Darling 4,745,382 

Southern Riverina 4,101,115 

Castlereagh 4,076,1% 

Liverpool Plains 4,055,365 

Namoi 3,909,830 

Western Riverina 3,267,946 

Bathurst 2,979,550 

Gwydir 2,856,598 

New England 2.581,642 

Bogan 1,709,055 

Monaco 1.439,841 

Mudgee 1,181,644 

Hunter River 695,152 

Goulbum 641,428 

Lower Darling 631,176 

Total 59,463,990 

Over 37 per cent, of this number of sheep are in the districts 
between the Lachlan and Murray Rivers ; over 24 per cent, in the 
northern districts, from Castlereagh River to the upper tributaries of 
the Darling River; and nearly 14 per cent, in the upper and western 
Darling districts. 

There are about 13,200 sheep owners in New South Wales; 750 
of these own over 62 per cent, of the whole number of sheep. The 
flocks owned by these large proprietors range in size from 20,000 to 
500,000 and 600,000 sheep. Seventy-three of these own nearly one 
sixth of all the sheep in the colony, distributed among the different 
wool districts as follows : 

Seventeen in the Riverina and Lachlan districts, owning 2,528,704 
sheep; 15 in the Upper Darling, Bogan, and Castlereagh districts, 
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owning 2,548,384 sheep; 19 in the Gwydir, Liverpool Plain, and Na- 
moi districts, owning 2,440,785 sheep; 18 in the Western and Lower 
Darling districts, owning 2,420,398 sheep ; and 4 in the district about 
Cobar and Ivanhoe, owning 454,503 sheep. The great flocks are west 
of the western slope of the mountain range. 

The various breeds of sheep in the colony are the Merino long- 
wooled sheep, as the Lincoln, Leicester, Downs, and Romney Marsh, 
and the cross breds, principally the long-wooled breeds with the 
Merino. Over 97 per cent, of the sheep are Merinos. Over 70 per 
cent, of the Merino sheep yield combing wool, the remainder yielding 
clothing wool. Over 1 7 per cent, of the combing-wool sheep produce 
a superfine grade of wool, and about 46 per cent, a medium grade. Of 
the long-wooled sheep the Lincoln is in the greatest favor, though the 
Leicester is in no mean repute. It is generally thought among the 
flock masters of Australia that there is no room for improvement in 
the quality of the Merino fleece by any further admixture of European 
or American blood. Some efforts have been made in the direction of 
building up the avoirdupois of the animal, but they have not proved 
generally successful, as deterioration in the quality of the wool has fol- 
lowed. Large carcasses for mutton, as experiefice has demonstrated 
the world over, are inconsistent with superiority in the fineness of 
wool. 

The geographical position of Australia is a grand one, an ideal 
one for sheep husbandry, where the climate is neither too hot nor too 
cold, tempered by the breezes that come over the surrounding sea, and 
where the air is clear and dry. On the east coast there is a chain of 
mountains generally known as the Great Dividing Range, extending 
north and south some 1,500 miles, in many places coming within 30 
miles of the ocean, and touching it at Point Danger, between Queens- 
land and New South Wales. Its highest elevation is in the southern 
part of New South Wales, where Mount Kosciusko rises 7,120 feet 
above the sea level, and where snow may be found at all times of the 
year. The colonies of New South Wales and Victoria occupy the 
choicest parts of the continent, where the climate is congenial, and 
where the best lands are to be found for pastoral and agricultural 
pursuits. 

New South Wales is divided into three physical divisions, desig- 
nated as the coast district, the mountain district, and the western dis- 
trict. The latter two we shall have most to do with in connection 
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with my subject. The coast district is a narrow strip of land from 
30 to 1 50 miles wide, watered by a number of small streams having 
their sources in the mountains. The home of the mutton breeds of 
sheep is distinctively to be found here. The mountain district em- 
braces the high lands and elevated plains that extend the whole length 
of the colony and slope gradually toward the west. This district 
varies in width from 120 to 200 miles. With the extension of the 
railway system and the increase in population this district is becoming 
more agricultural and less pastoral. The soil is rich and highly pro- 
ductive ; the herbage is excellent, and were it not for the higher wants 
of agriculture the land would be taken up from choice for the pastur- 
age of sheep instead of that further to the west. The western dis- 
trict includes all the area from the elevated plains to the Darling River 
and beyond. All this region is now given over to grazing purposes, 
and with a general system of irrigation, as is now in contemplation, it 
will become equal if not superior to the most beautiful parts of the 
colony for husbandry of all kinds. As it is, sheep thrive there in 
a remarkable degree, very largely on account of the dry and healthy 
character of the climdte. All the great rivers of the colony are found 
in this district. From Bathurst, northward to the 25th degree of lati- 
tude, all the western streams are tributary to the Darling River. This 
river is navigable from Walgett to its junction with the Murray River, 
1,758 miles, thence to the sea. At some periods of the year its waters 
are very low ; but four, and oftentimes twelve, months' navigation can 
be depended on as far as Bourke. This allows the transportation of 
wool and other things at certain seasons. The Murray River and its 
tributaries form the most important river system in the colony. The 
Murray has never been known to be dry, being fed by the heavy rains 
and snow on the mountains about Mount Kosciusko. This perennial 
flow in such steady volume cannot be said of any other stream in the 
colony west of the mountains. It is navigable from Albury to the sea, 
1,703 miles. The Murrumbidgee River is navigable up to Gundagai, 
while the Lachlan is navigable for several hundred miles. The great 
triangular region in the western district, lying between the Lachlan, 
Bogan, and Darling Rivers, has no surface streams. It is a compara- 
tive desert, yet some of the flocks of sheep in Australia are pastured 
there, about Cobar and Ivanhoe. The wools of this section were the 
only ones of New South Wales not represented in the World's Fair 
exhibit. The country northwest of the Darling River, notwithstand- 
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ing its undulating formation, has, also, no surface streams of con- 
sequence, and the few streams there have their beginning and end- 
ing in the sands, excepting at occasional flood times, when one or 
two of the principal ones empty their waters into the Darling. Were 
it not for this lack of surface water the western plains of New South 
Wales would be the finest pastoral country in the world. This objec- 
tion, however, bids fair to be overcome at no very distant time* by 
the sinking of deep wells, by means of which the underground waters 
can be brought to the surface in abundance. Experiments have been 
made in this direction sufficient to establish a reasonable amount of 
certainty that it is possible to obtain an unfailing supply of water 
from below the surface. 

The region west of the Lachlan and Bogan districts is the salt 
bush country of New South Wales. It is not regarded with particu- 
lar favor for the raising of fine-wooled sheep, on account of the heat 
and the vegetation peculiar to a light, sandy soil of saline character- 
istics. But this region is improving, as the country east of it has 
improved and is improving, for both pastoral and agricultural pur- 
poses. All of this broad expanse of country iS for the Merino, not 
the mutton, sheep. While the Merino sheep will not thrive in the 
coast region because of the climate being too moist, the mutton sheep 
will not thrive in the interior on^account of the climate being too dry. 
But the mutton breeds are not good for a new country for reasons 
distinct from climate. 

. The climate of Australia has had a peculiar influence upon the 
fleece and fiber of Merino wool, improving it in most all particulars. 
The wool has been made softer and more elastic. If there has been 
any deterioration it is in the density of the fleece ; but this has been 
made good in a large degree by increased length of staple, so that 
there has been little or no loss in the weight of the fleece. It is diffi- 
cult to say in what locality climate has had the most beneficial effect 
upon the fleece of the Merino. Certain it is that no place has been 
found superior in this respect to the Mudgee district, where an expe- 
rience of over sixty years has shown that no better wool has been 
grown than there. So far as experimental knowledge goes this district 
may be considered as possessing all the essential elements for the 
superior growth of Merino wool. The mean annual temperature of 
Mudgee is about the same as that about Nice in Southern France. It 
is very much like that of the great sheep walks of Spain. The mean 
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maximum temperature in the hottest months is about 86°, and the 
mean minimum temperature in the coldest months is about 38°, taking 
the records of 1 891 as a standard. 

The rainfall for that year was 34 inches, but this was 27 per cent, 
above the average, the mean annual rainfall being nearer 26 inches. 
The mean annual rainfall in the Bat hurst (24), Upper Murrumbidgee 
(23), and Liverpool Plain (25) districts is about the same — a few 
inches less. The mean annual rainfall through the Darling River 
valley is 12 inches at Wentworth, 13 inches at Wilcannia, 16 inches 
at Bourke, and 19 inches at Walgett. In the Bogan district the mean 
annual rainfall is 1 7 inches, while about Cobar and Ivanhoe it is only 
12 inches, but through the Riverina districts it is from 26 to 28 
inches. 

Ever since 1820 there has been a constant improvement in the 
breeding and preparation of wool for the market. It was about this 
time that sheep breeding was commenced in the Mudgee district. 
In i860 special attention was directed toward improving the fineness 
of the wool, owing to the increased demand for it at relatively high 
prices. This led to the importation of French, German, and Ameri- 
can blooded Merinos, of the Rambouillet, Negretti, and Vermont types, 
respectively. The German and American Merinos were in special 
favor, chiefly for the density of their fleece. Improvement in the 
length of staple soon followed, because of the increased demand for 
it for combing purposes. A change in the style of breeding resulted 
in more attention being given to purely Australian bred sheep, which 
were found to possess special qualifications for the growth of long- 
stapled wool, not observed in those imported from Europe or America. 

The French, German, and American bloods, however, were con- 
spicuous in the specimens of New South Wales wools at the World's 
Fair. The Vermont blood was found almost, if not wholly, pure in 
some of the specimens from the Gwydir, New England, and Riverina 
districts. It was prominent in crosses with Australian types of wool, 
known as the Wanganella, CoUaroy, and Tasmanian. The German 
blood was found almost pure in specimens from the Hunter River and 
Mudgee districts. The CoUaroy blood, being the name of a stud flock 
at Merriwa, is derived from a Rambouillet and Saxon cross, and ap- 
peared to be a favorite infusion in many of the specimens from the 
Upper Darling, Gwydir, Namoi, and Monaro districts, and pure in 
many of the specimens from the Bathurst, Bogan, Castlereagh, Gwy- 
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dir, Hunter River, Liverpool Plain, and Mudgee districts. Some of 
the CoUaroy fleeces weighed i8 to 19 pounds. The CoUaroy-blooded 
wool is characterized for luster, evenness, and length of staple. The 
Collaroy and Brinley Park estates at Merriwa are famous for the high 
character of their Merino blooded flocks. The Brinley Park wool was 
represented by two specimens at the World's Fair. The sheep from 
which this wool was taken are descendants of a few rams and ewes 
imported into Australia, in 1830, from Silesia. Subsequent importa- 
tions were made, one being made in i860 of several rams from the 
renowned flocks of Prince Lichnowski. Great care has always been 
practiced in culling and selecting. This blooded wool secured high 
honors at the Philadelphia Exposition of 1876. The Mudgee district 
type of wool is noted for the comparative density of its fleece. It 
possesses certain distinctive features that give it a classification of its 
own, and as such was better represented in the wool exhibits at the 
World's Fair than that of any other. It appeared pure in specimens 
from nearly all the districts, or crossed with the Tasmanian and other 
bloods. Another well-known blood in the Mudgee district, the Havi- 
lah, was represented in a single specimen — one bale — at the Fair, 
but it failed to attract particular notice. The sheep from which the 
wool was taken had been pastured on poor soil, badly infested with 
grass seed. The blood, however, is in good repute in Australia for 
producing wool that is lustrous and supple and suitable for worsted 
and hosiery yarns. The wools of Liverpool Plains are chiefly of the 
Tasmanian, Mudgee, and Collaroy types. In some of these there are 
traces of Saxon and French blood that was first imported in 1825, 
and afterwards renewed by some Negretti blooded sheep from Ger- 
many. These wools in time came to be regarded as pure Australian 
Merino wools, being improved from time to time by infusions of blood 
from the Mudgee district, as the Collaroy, and from the famous stud 
flock of the Ercildoune estate, Burrumbeet, Victoria. In regard to 
the Ercildoune wool it may be well to state that the sheep can trace 
a pretty direct lineage from the first great importation of Spanish 
Merino sheep into Germany, in 1785, by the Elector of Saxony. 

A portion of the electoral flock was afterwards purchased and 
taken to Tasmania, and from the Tasmanian flock thus established a 
few sheep were taken, in 1838, to start a flock upon Lake Burrumbeet, 
near Ballarat, that afterward came to be known as the Ercildoune. 
This latter flock has undergone much classing and selection, till its 
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wool has attained a standard of quality for fineness, elasticity, soft- 
ness, and luster that has no superior. It is highly esteemed for mix- 
ing with silk. Some of this wool can be spun into worsted as fine as 
No. 140. In order to accomplish this the wool would have to be as 
fine as the finest Silesia and Saxony. This means that one pound of 
this yarn will extend over 44 miles in length. Victorian wools are in 
more or less favor with American manufacturers. Take the wool, for 
instance, grown in the neighborhood of Ballarat, as the Lismore wool, 
which is prized for its light condition and strength of staple. It com- 
mands a high price for worsted and hosiery purposes. This wool will 
spin into Nos. 60 and 70. Victorian wools are characterized by their 
bold and lustrous qualities, while the Riverina wools are esteemed for 
their soft and silky properties, and the South Australian for their 
length, strength, and metallic brightness, with a tendency toward 
coarseness. 

The wools in the Namoi district. New South Wales, are very much 
of the Walgett type, as represented in some specimens seen at the 
World's Fair. These wools are raised with special reference to the 
country in which they are grown, the fleeces being dense and the tips 
inclined to fuzziness, preventing the heat and dust from penetrating 
into the fleeces and thus injuring the wool. These qualities are se- 
cured by certain crosses of Victorian, South Australian, and Riverina 
bloods. An objection has been raised concerning these wools on ac- 
count of their hairy or fuzzy tips producing an excess of noils, yet 
they are capable of producing good worsted yarns of Nos. 60 to 70. 
The wools grown in the Upper Darling district, as about Brewarrina, 
are similar to those about Walgett ; that is, the fleeces have more or 
less fuzzy tips. Yet this style of wool is looked upon as particularly 
useful, considering the circumstances under which it is grown. The 
heat and dust to which the sheep are exposed have a tendency to 
produce open, loose, hairy tips. Fineness of fiber is not arrived at, 
but a fiber of medium quality, of good length, that will spin down to 
about No. 60. Bogan district wool is not unlike that of the neigh- 
boring districts, being of medium grade, spinning into the 50* s, and in 
some instances into the 6o's. The fleeces are apt to be light on the 
tip, and, therefore, noil considerably. The wools of the Western Dar- 
ling district show more or less poverty in the better characteristics of 
Australian wool. The summer heat is unpropitious for the growth 
of heavy fleeces. Every effort is being made to improve the wool by 
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the introduction of blood from the best stud flocks of Victoria and 
South Australia, particularly the latter. It is doubtful if wools of the 
first quality are ever raised in this section. A fuzzy tip characterizes 
the fleece. The Riverina districts produce a variety of grades of wool. 
Some of the best grown in Australia are produced there. Take, for 
instance, some of the wool exhibited at the Fair from Wagga Wagga, 
in which Vermont and Mudgee bloods were prominent. The speci- 
mens represented a superior type of combing wool. Some of the 
most perfect wools in the world are produced in this district, being 
bright, silky, fine, and lustrous. The wools of the Southern Riverina 
district at the Fair were of a high character. Those from Mulwala, 
west of Albury, were particularly noticeable. These came from a flock 
of sheep descended from Mudgee, Ercildoune, and Tasmanian blooded 
stock. Trade objections have been made to some of the wools from 
this section because of a wasty top, causing a large percentage of noils. 
Seasons, however, have much to do with these defects. 

The heaviest fleeces of Australia come generally from Victoria. 
They become lighter as one goes toward Queensland. The fleeces are 
more open and freer from yolk. This applies more particularly to the 
wool grown in the western districts of New South Wales. The aver- 
age weight of Australian fleeces from stock sheep may be put at six 
to seven pounds. A plain, not wrinkled sheep is preferred. The 
advantage of the infusion of American, or Vermont, blood is that it 
imparts a density to the fleece which it is difficult to get from the 
Tasmanian or Mudgee blood. The objection to it is that it gives 
to the wool a harsher feeling, and the staple is shorter than what 
is obtained from the stud flocks of purely Australian blood. 

The great superiority of Australian wool is supposed to be due 
mainly to climatic conditions, but no little credit is also due to the 
grasses and herbage upon which the sheep feed. The native grasses 
of Australia are looked upon as superior for pasture to exotic grasses. 
Experience has inclined opinion that way. They possess greater re- 
productive powers, and there is very little necessity for reseeding. 
The most abundant variety of grass is that known as the Kangaroo, 
which not only supplies the sheep with nutritious food but is capable 
of resisting heat. It is found over all portions of New South Wales 
and Victoria, and is perennial. It is pronounced by all as being one 
of the finest and most useful of grasses for pasturage. It sometimes 
attains the height of three feet when on rich soil. In the autumn. 
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when its foliage turns brown, its nutritive qualities are said to be at the 
highest, and when cut as the flower stems appear it makes excellent 
hay. There are other native grasses of great value, among them the 
millet, which is found throughout New South Wales and is much liked 
by all stock, and the small burr grass and the variety known as the 
Wallaby, both of which are favorites with sheep. There are some 
troublesome weeds in Australia, as the Bathurst burr — known in the 
United States as the cockle burr — the trefoil burr, and certain thistles. 
These are exotic, having been introduced from abroad. In the west- 
em parts of New South Wales there are indigenous grasses that are 
perennial and possess fattening qualities even when dried up. The 
several varieties of the salt bush, a forage plant, grow there, thriving 
on the arid plains in most adverse seasons of heat and drought. 

It is not to be presumed that the arid regions of Australia will 
always remain as they are now, of little value even for ordinary pas- 
toral pursuits. The soil is undoubtedly naturally rich, requiring only 
a proper amount ot moisture, properly distributed throughout the sea- 
son, to become highly productive. To accomplish this most desired 
end a general system of irrigation is contemplated, especially in New 
South Wales, involving the sinking of artesian wells and the diversion 
of water courses. In Victoria no efforts of any moment have been 
made to obtain water by means of artesian wells, but ditching has 
been resorted to, and immense tanks constructed for the conservation 
of rainfall against times of drought. To allow any material increase 
in the number of sheep in the interior regions it will become neces- 
sary to resort to some expedient of this kind to supply surface water 
for the vegetation. The sinking of artesian wells in New South Wales 
first received government attention in 1879, ^^^^ ^^^ first practical 
effort made in this direction was in 1884, near Bourke, where a flow 
was obtained of 24,000 gallons a day from a depth of 89 feet. Other 
wells have since been sunk in different localities, in most cases with 
satisfactory results, in one instance obtaining a flow of 2,000,000 gal- 
Ions a day. The government is working upon a system of boring 
series of artesian wells in two lines — one extending from the moun- 
tain range to the western boundary, and the other from the Murray 
River to Queensland. The great river systems of the colony can, and 
unquestionably will, be utilized for irrigation purposes before many 
years pass by. It has been carefully estimated that the underground 
supply of water is all sufficient, and obtainable by means of sunken 
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wells, to convert the arid regions into highly productive ones. Take, 
for example, the 200,000 square miles area drained by the Darling 
River. The average rainfall over this is 20 inches per annum, and, 
even assuming that one tenth of this finds its way into the Darling 
and its tributaries, in order to carry off the water the river would 
have to be 200 feet wide and 100 feet deep all the year round, which 
was never known to be the case even in flood times. The water, 
therefore, must sink into the ground and flow at a lower level. If this 
lower level can be reached, and the water brought to the surface and 
distributed by economical means, the whole aspect of the interior dis- 
tricts of the colony will be changed and verdure prevail where aridity 
now exists. 

Few sheep are now shepherded in Australia. The paddocking 
system is almost invariably in vogue. By this system the country is 
capable of carrying one third more sheep, the fleeces are better in con- 
dition and in all other respects, and the wool longer and stronger. 
The sheep themselves grow to larger size, live longer, and are freer 
from foot rot and disease. In addition to all this the expense of 
watching and caring for the sheep is less, and more time is at the 
command of the owner to devote to the improvement of his flock. 
In Victoria all the sheep stations are now inclosed by fences, and 
most of them are divided into paddocks. It has been found that more 
sheep can be kept and made to thrive on land under fence than when 
left open for general pasturage. Fencing has become a matter of 
preference as well as one of necessity. The question of cost is of 
secondary importance ; in fact, it is fully offset by the improvement 
in the health and condition of the sheep and in the less expense and 
trouble attending their care. The cost of establishing a fenced run or 
paddock is covered in five years by the saving in the cost of labor 
alone. At first fences were made of logs and brush, where these were 
obtainable, but now nothing but wire is employed in their construc- 
tion, at a cost of from $125 to $150 per mile. The usual height of 
a fence is three feet, with the wire strung at intervals of about six 
inches, on stout posts set 120 feet apart. Between these latter are 
placed smaller posts or stakes at distances sufficient to keep the wires 
in place. Some runs have several hundred miles of fences. These 
large runs are divided into many paddocks or inclosures. An average 
paddock is of about 800 acres in size. In New South Wales there 
are about 42,000 runs, of which over four fifths are inclosed, and seven 
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tenths of these are subdivided into paddocks. The area comprised in 
these holdings is not far from i90,<xx),ooo acres. This would make 
the average run of about 4,500 acres. Over 80 per cent, of these 
holdings are leased from the colonial government. All, or nearly all, 
of the best sheep country in the Australian colonies is now occupied, 
and any additional increase in the number of sheep which the country 
can be made to carry must be effected by improvements in the way of 
irrigation and the character of the herbage. The management of a 
station consists usually of a manager, an overseer, a bookkeeper, and 
a certain number of boundary riders and common laborers, according 
to circumstances. The fencing in of sheep runs and their divisions 
into paddocks has had much to do toward the extermination of the 
scab disease among sheep. The last license for scabby sheep in Vic- 
toria was issued in October, 1874, and on June 6, 1876, the governor 
proclaimed the colony clean of the disease. 

The extermination was accomplished through the rigid enforce- 
ment of the Scab Act of 1870, still in force, which requires certain 
medicaments to be used in the dipping of sheep, consisting of a mix- 
ture of tobacco and sulphur in water or of a mixture of lime and sul- 
phur in water, the mixture in either case to be at a temperature of 
not less than 100° F. at the time of dipping. Two immersions are 
required at an interval of not less than seven nor more than four- 
teen days. The lime and sulphur dip is acknowledged to be effect- 
ive, but it is regarded by sheep men as too severe, making the skin 
dry and the wool harsh. A preferable receipt, because of its milder 
action upon the skin and wool, yet equally efficacious for the eradi- 
cation of the scab, is the tobacco and sulphur one at a temperature 
of about 104° F. 

The loss of sheep on account of disease due to natural causes is 
almost as nothing compared with that caused by the multitude of rab- 
bits that infest the land by eating up everything that is green and 
leaving nothing upon which the sheep can feed. With the exception 
of drought, there is no impediment to profitable sheep husbandry so 
damaging as the rabbit pest. Colonial laws have been directed toward 
its complete elimination at a great cost to those engaged in pastoral 
pursuit, with the great object of extermination still unaccomplished. 
The colony of New South Wales alone expended during the eight 
years ending with 1890 nearly ^4,300,000 on account of rabbit de- 
struction, and over 40 per cent, of this was derived from assess- 
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inents, the balance coming from the general revenue. There are 
various means resorted to for ridding the country of rabbits, such as 
trapping, poisoning the food and water, shooting, and hunting with 
packs of dogs. Some idea may be had of the destruction that has 
been going on among rabbits by fhe exports statistics of rabbit skins 
from Victoria. For the ten years ending with 1886 there were ex- 
ported from that colony nearly 29,000,000 rabbit skins. 

The shearing season in Australia depends on the location, begin- 
ning about the first of July in Queensland and ending about the first 
of March in Victoria. Thus there is given fully eight months for 
shearers to ply their vocation, commencing in the northern parts and 
completing their season's labor in the southern parts. Four months 
are allowed for rest and return to the north. Much skill is required 
in the shearing and handling of sheep, and the compensation is rated 
accordingly. There is a large class of men who do nothing else but 
follow this employment, which is now subject to rigid, regulations in 
conformity with an agreement reached in 1891 between representa- 
tives of the Pastoralists* Federal Council of Australia and repre- 
sentatives of the Amalgamated Shearers' Union of Australia. Both 
of these associations are strong in number and in their organization, 
and the 1891 agreement was the result of a number of seasons' dis- 
sensions, but more particularly the result of a general strike on the 
part, of the shearers the year before, when in many instances sheep 
remained unshorn till long after the usual time. The main cause of 
the strike was the employment of "non-union" shearers; but under 
the agreement employers are free to employ, and shearers are free to 
accept employment, whether belonging to shearers' or other unions, 
or not, without favor, molestation, or intimidation on either side. The 
meaning of all this is "freedom of contract." In New South Wales 
the agreement establishes the price of shearing at 20 shillings for 
every 100 sheep shorn, except rams, for which 40 shillings are paid 
for every 100 shorn. The employer is bound to keep the shearer fully 
supplied with sheep unless prevented by weather or by some unfore- 
seen cause, and also to provide him with hut accommodations, cook- 
ing and table utensils, wood and water free of charge. Certain re- 
quirements are made in, shearing. First, the sheep must be carefully- 
taken from the pen to the shearing board and the belly wool removed 
first, where practicable, and laid aside. In opening the fleece at the 
neck and belly both blades of the shears of the machine must be kept 
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under the wool and close to the skin, so as to avoid twice cutting, and 
the shearer is not allowed to run the shears through the fleece so as to 
break it down the center or the back, or to stand on the fleece. The 
shearer is prohibited from kicking or ill-using any sheep. He is for- 
bidden bringing intoxicating liquor into the station or using profane or 
obscene language in the shed. Shearers are obliged to provide their 
own cook, except where cooks work conjointly for shearers and em- 
ployer, in which case the cook is engaged mutually by the employer 
and shearers. No shearer can be compelled to work more than forty- 
eight hours a week. 

Shearing by machinery is something of very recent date, long de- 
sired by the wool growers of the colonies. Of the sixty-nine applica- 
tions for patents on sheep-shearing machines only three or four have 
been received with favor, and at the Royal Agricultural Show, held at 
Melbourne in 1891, only three competed for the prize offered — the 
Wolseley, Burgon, and one other. The special merits of the Burgon 
machine are represented to be overhead safety driving motion, which 
is self-adjusting in its action, and can be operated separately from 
others on the same line of shafting, and a flexible steel driving shaft 
made of hardened steel with universal joints. It requires an engine 
of four-horse power to drive ten to fifteen of these machines. The 
best-known machine in the colonies is the Wolseley, not dissimilar in 
essential principles to the one just described, and first brought to 
public notice in 1887. Since then it is calculated that at least 
6o,ooo,cx)0 sheep have been shorn by it. There is a variance in the 
opinion of sheep men as to the economy and general advantage of 
machine over hand shearing, though the testimony seems to be gener- 
ally in favor of the machine. The chief complaint against it is its 
vibration and the extra strength required in holding the sheep to the 
shears. For a flock of 30,000 to 40,000 sheep there are required 
fourteen shearers, two packers, four sorters, one classer, two pickers- 
up, one sweeper, three or four general-utility men, two cooks, beside 
an engine driver, water hauler, and cutter grinder, in case the labor is 
done by machinery. 

As required by the rules of shearing already referred to, the 
shearer is required to remove the belly wool, if practicable. This 
wool is carried by the pickers-up to the bins provided for such wool 
by the side of those for pieces, broken fleeces, etc. The fleeces go to 
the sorters, who place them upon tables with wire netting tops, the 
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meshes of which are about i^ inches in size. The sorter is an im- 
portant person, oftentimes one who has had experience in the sorting 
room of an English factory, and therefore skilled in the art of quickly- 
judging the different qualities of which the fleece is composed. 

The fleece is sorted with the cut side down, the loose locks fall- 
ing through the meshes of the netting onto the floor. The sorter is 
under the direction of the classer, who is the one chiefly responsible 
for the proper separation of the fleece into its several parts, an opera- 
tion known among wool men as "skirting." After the skirting is all 
done the body of the fleece alone is left, and this is the only kind of 
wool that is sent to the American market. Technically, this is called 
the fleece, the rest being termed the first pieces, which are taken from 
the. neck and from a portion of the skirts ; the second pieces, taken 
from the upper part of the legs ; the third pieces, taken from the 
cheeks, topknot, and lower part of the legs ; the stained pieces, taken 
from the breach ; the bellies, taken from the under parts, and the 
broken pieces, or trimmings, not included in the foregoing. After all 
these pieces, etc., are removed from the body of the fleece, the latter 
is folded lengthwise, rolled, and either tied with cotton twine or se- 
cured by twisting in an end of the fleece. The classer receives the 
wool in this condition and throws it into its proper bin, from which 
it is taken and pressed into bales of about 400 pounds in weight. 
Fleeces, whether Merino or crossbred, are classed as first, second, and 
third combing, or as first, second, and third clothing, as the case may 
be. Parts of fleeces have various designations, aside from first, sec- 
ond, third pieces, etc., as "dingy fleeces," "ram's fleeces," "tender 
fleeces," etc. This matter of sorting and classing wool is carried to 
an extreme, and, in the opinion of many, to an extent that is uncalled 
for. The stained bellies and locks from the fleece are generally 
scoured before being put upon the market. According to the record 
of one flock of sheep in the Riverina territory, the following propor- 
tion of classes and sorts was made : 47 per cent, first combing, 4 per 
cent, second combing, 2 per cent, clothing, ^ per cent, dingy and black, 
19 per cent, broken fleece, 4 per cent, first pieces, 8 per cent, bellies, 
8 per cent, stained, and 7^ per cent, locks. Twenty-four per cent., 
nearly, of this clip of wool was scoured, and only 53 per cent, was 
marketed in the form of fleeces. 

The tendency is toward shearing in the grease, which is almost 
exclusively due to the price obtained for washed wool not being com- 
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mensurate with the cost of washing. Over 96 per cent of the sheep 
shorn in New South Wales in 1891 were shorn in the grease; in 1880 
the proportion did not exceed 70 per cent., 17 per cent, being creek 
washed. The average weight of fleeces shorn in the grease in 1891 
was five pounds nine ounces, packed in bales measuring about five feet 
in length and two feet two inches in breadth and depth, and weighing 
about 450 pounds. The bales are afterward subjected to hydraulic 
pressure, and reduced in size about one half before exportation. 

Wool is transported from tl\e stations to the nearest railway by 
wagons, drawn either by horses or oxen, twenty of the latter often 
being yoked to one wagon, upon which is loaded as many as 25 bales 
of wool, and in exceptional cases as many as 50 bales. The cost of 
cartage overland is at the rate of $1.25 per 100 pounds per 100 miles. 
Should the distance exceed 100 miles, a discount of 20 per cent, from 
this rate is made for the additional number of miles. The railway 
freight from Hay, for instance, to Sydney, a distance of 454 miles, 
is about 70 cents a hundred pounds of greasy wool ; from Bourke to 
Sydney, a distance of 503 miles, the freight is about 98 cents a hun- 
dred pounds; and from Mudgee to Sydney, a distance of 195 miles, 
the freight is about 66 cents a hundred pounds. It is a matter of 
report that " not so very many years have elapsed since the Queens- 
land squatter, after seeing his last wagonload started from his station 
for the coast, would take a run home to England, returning to the 
colony in time to meet his wool on its arrival at the port of shipment, 
so long and. tedious was the journey. Drays and impromptu slides 
had to be made ; creeks and rivers to be crossed ; droughts killed off 
the bullocks for want of feed and water ; floods converted the banks 
of rivers, etc., into 'tented fields' populated by drivers, whose rations 
often ran low ; bush fires menaced the safety of the men, cattle, and 
freight, besides the occasional attacks by natives ; in short, wool, while 
in transit from the far-back stations to the seaport, had an adventur- 
ous and risky career. There have been instances of two different 
years' clips being on the road at the same time." 

Freight rate from Sydney to London is from about 75 cents a 
hundred pounds by sailing vessel to $1.25 to $2 a hundred pounds 
by steamer. 

Nearly all the wool sold in Australia is disposed of by auction to 
the highest bidder at the principal colonial markets. These sales havo 
grown in popular favor and importance, having amounted to 697,705 
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bales for the season of 1891-92 for all the colonies. For that season 
42 per cent, of all the sales were effected at Melbourne and Geelong, 
and 40 per cent, at Sydney. 

The chief and almost only increase in the world's production of 
wool is in Australia. For the ten years ending. with 1892 the wool 
production of Cape of Good Hope increased about 36,000,000 pounds ; 
that of the Argentine Republic about 66,000,000 pounds ; and that 
of North America about 13,000,000 pounds — in all about i I5,ooo,cxx> 
pounds; while that of Australia incrpased about 278,000,000 pounds, 
or over 70 per cent, of the total increase. These figures are based on 
the imports of wool into Europe and North America, where they arc 
alone manufactured and where they are wholly shipped. Practically 
the wool production of the world seems to be stationary or on the 
decline in all wool-producing countries except Australia. JXearly 
30 per cent, of all the wool consumed is from the flocks of A ustrat 
asia, and this proportion is increasing every year. 

I had been in hopes of presenting in this paper some of the re- 
sults of the scientific experiments that have been conducted under 
the supervision of Dr. William McMurtrie, affecting the wools at the 
World's Fair, but they are not yet ready for publication. 
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THE WOOD ARCHITECTURE OF SWITZERLAND. 

By WILLIAM DAN MAR. 
Read March aa, 1894. 

The architecture of the farmhouse, where it is still historical and 
true, belongs as well to the history of art as the folk-song does to the 
history of music. Not only the folk-songs and folk-costumes of the 
Swiss people, but also their peculiar wood architecture, as represented 
by their farmhouses, cottages, or chalets^ and similar buildings, is 
acknowledged to be of great poetical and artistic value. The Swiss 
wood style, with its high constructive and decorative development and 
its picturesque effect, has secured for itself an honorable chapter in 
the history of architecture ; it has, indeed, become the model style 
for wooden buildings, for even in its most elaborate ornamentations 
it never is contrary to the nature of wood as the material. 

The study of this wood architecture is the more important for us 
because wood has always been and is still the great building mate- 
rial of America ; more than 80 per cent, of our buildings consist of 
wood. But the style of our wooden buildings belongs to the Renais- 
sance, or the new-birth of Greco-Roman architecture, which was a 
stone architecture. The art forms or trimmings of our frame houses, 
consisting of wood and paint, imitate the detail forms of stone build- 
ings, trying to make us believe that they consist of marble or stone. 
Yet of real art we expect truth ; this truth we find with the Swiss 
houses. Their style is the pure expression of their constructive and 
material nature ; their form and color say distinctly these houses are 
built of wood ! The Swiss style is just as much the model style for 
wooden buildings as the Greek and the Gothic ; each in its way is a 
classical or model style for stone buildings. 

There are two ways of classifying the Swiss houses — either by 
cantons, because each of them has its peculiarities in the style, or 
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by methods of construction. From the professional standpoint the 
latter classification is preferable ; and therefore we shall consider, 
first, the "stile and rail buildings" of the flat lands; second, the "post 
and plank buildings " of the middle lands ; and third, the block build- 
ings of the high lands. 

The Manneberg Mill near EfFretikon (Figure i), in the canton of 
Zurich, is a good representative of the stile and rail buildings. It 
stands isolated at the foot of a wooded slope of the Manneberg Moun- 
tain, which casts its shadow on the building. It is no longer used as 
a flour mill. An inscription states that this building was erected in 
the year 1675. The unsymmetrical arrangement of doors and win- 
dows in the gable front was necessitated by the ground plan, and looks 
quite interesting. The wooden framework is of a red-brown color, and 
contrasts beautifully with the white masonwork of the walls. Besides 
these two colors, there are yellow and green on the windows and shut- 
ters. The basements of nearly all Swiss houses have walls of plas- 
tered masonwork, made of broken stones and good mortar. The 
upper walls of this building belong to the class of Swiss stile and rail 
buildings ; they are framed of red pine upright stiles or posts, level 
rails and inclined braces, all put together with mortise, tenon, and 
wooden pins. The open panels of the framework are filled with stone 
masonry, plastered and whitewashed. The timber forms the frame for 
the masonwork, and therefore these buildings are often termed " frame 
houses,'* though in this country we mean another method of building 
by that term. The windows of the Swiss houses are peculiar; since 
many are required to light the deep rooms with the low ceilings, they 
are placed alongside each other, or coupled, and therefore are termed 
couple windows. These windows are provided with outside sliding 
shutters, which slide either upward, sideward, or downward. These 
shutters, which are often beautifully decorated, form a very character- 
istic and pretty feature of Swiss architecture, and add much to the 
picturesque appearance of the Swiss houses. 

The stile and rail buildings of the flat lands represent the latest 
method of Swiss building, and were invented to save wood, because in 
the flat lands wood has become quite expensive, while in the high lands 
there is still plenty of it. The stile and rail method has also been 
extensively applied in Germany, England, and other countries, for it is 
a simple, economical, and durable method of building, and always looks 
very pretty ; yet it is a Swiss style, for it originated in Switzerland. 
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The second class of Swiss buildings are the posts and plank build- 
ings of the middle lands. The farmhouse *' Rosswiesli/* in the Fish 
Valley of the canton of Zurich (Figure 2), is a fine representative of 
these buildings. It was built in the year 1785. Attached to the 
dwelling house are the farm buildings, stables, etc. This house is ad- 
mired for its fine proportions and simple construction. The grooved 
posts and a few rails form the frame for the level planks, which in 
this case are flush with the posts and fastened to the same with 
half their thickness tenoned in the grooves of the posts. The pur- 
lins of the roof extend under the projections at the gables, and are 
there assisted by the peculiar Swiss gable brackets, which originated 
with the post and plank buildings and were also adopted for the 
stile and rail buildings. 

The post and plank style is supposed to have originated in ancient 
times as an Alemannic method of building, and is still practiced to-day 
in the middle lands of Switzerland and Bavaria. The outside walls 
are often richly ornamented with painted escutcheons of the cantons, 
white stripes with carved or painted inscriptions, and decorated sliding 
shutters. Otherwise, these houses, as well as the blockhouses, are 
never painted, and through the influence of the weather their outer 
. surface has received an appearance much like that of red-brown velvet, 
reflecting the light of the sun and adding much to their picturesque 
appearance. 

The third and oldest class of Swiss buildings are the block build- 
ings of the high lands. This method of building is older than history. 
Our original forefathers, the Aryans, when still living in the mountains 
of Asia, were building their houses in the manner of blockhouses, and 
all through the ages the mountaineers have maintained that architec- 
ture to the present day. It reached its highest development in the 
mountains of Switzerland, where there is still an abundance of heavy 
red pine timber, the transportation of which down the mountains to 
the market does not pay ; in fact, in many cases is almost impos- 
sible. The house of Caspar Schild in Meiringen (Figure 3), in the 
canton of Bern, built in the year 161 5, gives us an idea of the construc- 
tion of the block buildings. The timbers are dressed on all four sides, 
and at the corners are notched and knotted together, showing two piers 
of projecting heads of block timber. These piers of block heads grow 
to large consoles or brackets, which carry the part of the roof which 
protects the gable walls ; the brackets are often cut to an ornamental 



24 William Dantnar, 

shape, and form a great feature of this architecture. The few upright 
timbers at the doors and windows are mortised into the block timbers, 
with a leeway for settling. The shrinkage of wood amounts to about 
2\ per cent, of its thickness, and since there is nothing in the con- 
struction of these buildings to hinder them from settling that much, 
all joints remain tight, which is one of the secrets why these build- 
ings last so long. The interior walls are made in the same way ; they 
either show the smooth surface of the block timber or are covered 
with wainscot, which often shows beautiful panels with inlaid work 
of different woods. The ceilings and floors are formed by matched 
planks about 4 inches thick, which rest on the walls, and in large 
rooms also, on one intermediate girder. These planks form the ceil- 
ing for the lower and the floor for the upper story. This method of 
Swiss floor building was the origin of the slow-burning mill construc- 
tion, which is now extensively applied in this country for mills and 
factories. 

The wide, overhanging roofs of the block buildings are loaded 
with heavy stones, held there by laths on top of the split shingles. 
The weight of these stones keeps the roofs on the buildings when the 
heavy winds of the high lands are taking hold of their large projec- 
tions. The original Swiss blockhouses have no interior halls or cor- 
ridors, but, instead of them, outside stairs and passages which lead to 
the different apartments. The galleries (" Lauben," covered passages), 
form another picturesque feature of the Swiss houses. 

There has been a good deal said about the artistic feelings of the 
mountaineers who build their houses so squatty and the roofs so 
broad, to contrast effectively with the steep mountains, and thereby 
obtain a good effect. But if we study these buildings from the stand- 
point of the practical constructor, we must come to the conclusion that 
the mountaineers never thought of such an effect, but simply built as 
necessity through the many centuries taught them to build to obtain 
a cozy and lasting home ; and it is just the unintended and unpreten- 
tious picturesqueness of the Swiss houses and their surroundings 
which makes them so attractive to the artists. 

The Swiss buildings of all the three above described classes belong 
to the purest forms of architecture ; they have decidedly a style of 
their own, and that style is not an artificial mask, a covering faqade^ 
but it is the natural outgrowth of the construction itself. There is no 
shabby imitation of stone architecture on these buildings, but they are 
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true to themselves and entirely without pretensions to anything that 
is not really due to them. Their outside tells the true story of their 
construction, and nothing else. Thus their truthfulness harmonizes 
so beautifully with surrounding nature and makes them so immensely 
picturesque. 

It was very natural for the first settlers in America to imitate the 
buildings of the countries they came from. The colonial style of this 
country has developed through such imitation, and really represents 
the best adaptation of Renaissance architecture to wooden buildings, 
but still it imitates stone architecture. The wooden cottages without 
much trimming, but composed of stained or bleached shingle work, 
show a movement in the direction of true wood architecture. 

The Swiss style is but little known and applied in this country. 
Its study and introduction ^fould undoubtedly improve our cottage 
architecture not only from the constructive but also from the artistic 
point of view. We need not copy the Swiss buildings, but may main- 
tain our method of weather boarding ; yet there are these points which 
we could profitably accept of the Swiss styles : first, the wide, over- 
hanging roofs, which protect the woodwork of the walls against the 
rain, so that the Swiss houses last from four to five centuries, while 
our frame houses, with their Renaissance cornices which give no such 
protection to the walls, last but one to one and a half centuries ; sec- 
ond, the method of detailing and trimming in accordance with the 
true nature of wood, for which the Swiss styles offer us the elemental 
forms from which, in adaptation to our needs, methods, and materials, 
an American wood style of architecture could be developed. 

In fact, if we adopt the wide roofs only, then a wood style will fol- 
low, because the large projections of the roofs, which in Switzerland 
amount to from 6 to 10 feet, require for their support an exterior tim- 
bering with the appearance of wood construction. The usefulness of 
such roofs has never been so strongly impressed on me as through 
the study of colonial architecture in New England. All the Puritan 
meeting houses of the seventeenth century have rotted away, except 
the Unitarian Church at Hingham, the "Old Ship," built in 1685, 
which has been preserved only by renewing all the exterior woodwork 
twice and taking the best care of it. There are a few cottages left 
of the seventeenth century, but they are really ruins ; and neither is 
there much left of the wooden buildings of the first half of the eight- 
eenth century. Soon colonial architecture will be entirely wiped out 
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by the weather, because it has no umbrellas when it rains, and the 
umbrellas are missing because it imitates stone architecture, which has 
no need for them. 

The true spirit of art is opposed to all imitation ; therefore, if we 
would be willing to learn of the Swiss builders, we should cease to 
imitate stone architecture ; we should return to nature and truth, and 
make it appear in the exterior of our wooden buildings that they 
consist of wood and nothing but wood. 
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A CLASSIFICATION OF ECONOMIC GEOLOGICAL DEPOS- 
ITS, BASED ON ORIGIN AND ORIGINAL STRUCTURE. 

By W. O. CROSBY. 

ReceiTcd February so, 1894. 
INTRODUCTION. 

The title of this paper might be otherwise expressed as the enu- 
meration and brief description in natural order of the various modes 
of origin and occurrence of useful minerals and rocks. A strictly 
natural classification on economic lines is, of course, impossible, simply 
because nature has shown no special regard for our economic distinc- 
tions. The position of a rock in the natural classification is essentially 
the same, whether it contains one grain, one ounce^ or one pound of 
gold to the ton. The economic classification must in every instance 
be a fragmentary scheme, lacking the completeness and perfect coordi- 
nation or symmetry which we recognize or believe to be recognizable 
in nature ; for it represents a body of knowledge having arbitrary or 
artificial and shifting boundaries. A mineral which is valueless to-day 
may find a useful application to-morrow, and thus, perhaps, introduce 
into the economic classification a new type of deposit ; and in like man- 
ner the deposits of a particular type may be dropped from the eco- 
nomic scheme if the substance which they afford be supplanted in its- 
relations to human welfare by some other. The most nearly ideal plan 
would, it is believed, be a completely elaborated natural or scientific 
classification, with a special mark to designate those deposits of pres- 
ent economic interest. The practical man, who often cares little for 
the general relations to the whole of the small part in which he feels 
a vital interest, might be disposed to criticise such a classification as 
unnecessarily complicated and as implying a more extended knowledge 
of general geology than he usually possesses ; but for the teacher and 
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the student of economic geology, and all who care for broad views over 
this field, it would possess obvious advantages. 

It is generally conceded that, whatever the limits of the classifica- 
tion, its highest value, both as a means of education and as an aid in 
the discovery and exploitation of deposits, demands that it should be 
essentially geological, and not be based, at least in its main lines, upon 
the qualities or uses of the materials. Now geology is first of all 
a dynamical science, and, as Professor Kemp has shown,^ there are 
cogent reasons for basing a classification of economic deposits upon 
origin instead of structure. The genetic principle so universally rec- 
ognized as the basis or key-note of biologic classifications is slowly 
but surely making its way in the domain of geology. Classification by 
structure, of which form is but the external expression, is less difficult, 
and hence has generally prevailed in the early days of each science. 
The main reason why the recognition of the genetic principle has 
made relatively so little progress in geology is that the processes, 
being to a large degree chemical, are often exceedingly obscure ; and 
the correct interpretation of the observed facts of composition and 
structure is hence peculiarly difficult. Our knowledge is, in conse- 
quence, decidedly insufficient in certain directions for the detailed 
application of this principle of classification. It is, for example, the 
general belief of geologists that mineral veins have been formed 
chemically, that is, by the deposition 6f minerals from solution ; but 
farther than that, as a rule, we cannot safely go, for the nature of the 
chemical process in particular cases is still a matter of speculation 
rather than of positive knowledge. The recent literature of the sci- 
ence shows, however, that light is breaking upon this problem in vari- 
ous directions, and we may hope for a better state of things in the 
near future. 

It appears, then, that while differences of structure and composi- 
tion must always be recognized in our classifications, they will become 
relatively less important with increasing knowledge of genetic proc- 
esses. In this connection we may properly draw a sharp distinction 
between original and subsequent structures, the former alone having 
classificatory value. The validity of this distinction is apparent on 
referring to the biologic sciences, since, for example, the accidental 
loss of one or more of its rays by a starfish does not affect its position 



*Ore Deposits of the United States, p. 42. 



A Classification of Economic Geological Deposits. 29 

5n the classification. Of course changes in geologic deposits amount- 
ing to complete metamorphism, to the transformation of one type into 
another, are truly original and genetic and not in any sense accidental 
with reference to the new type. Thus superficial oxidation may be 
neglected in the classification of veins, but it is highly important as 
defining one type of residual deposits. Distinctions based directly 
upon composition should be subordinate, in the main, to original struc- 
tural distinctions, and hence can be generally recognized only in a 
more complete and detailed classification than is possible in the pres- 
ent state of our knowledge. Even a classification based upon origin 
and original structure, such as is attempted here, is necessarily in 
advance of our knowledge, in the sense that future investigations, in 
many cases, must decide to which sections particular deposits should 
be referred. 

Many classifications of ore deposits have been published, and the 
more important of these have been recently summarized and compared 
by Professor Kemp in the introduction to his valuable work on the ore 
deposits of the United States. But, since the metalliferous minerals 
or ores constitute simply one limited division of the whole field of 
economic geology, it is apparent at a glance, after what precedes, that 
these classifications must be, without exception, seriously lacking in 
scientific and educational value. They may be said, perhaps, to meet 
in some degree the needs of the metallurgist and in a measure, also, 
those of the miner. But coal and many other nonmetalliferous miner- 
als are extensively mined, and occur in characteristic deposits' with the 
forms and modes of origin of which the miner should be acquainted. 

The distinction of rocks (igneous and sedimentary' formations) and 
mineral deposits (veins, impregnations, etc.), or, as it is commonly 
stated, original and secondary deposits, or unconcentrated and con- 
centrated mineral deposits, is deemed of great importance by some 
authorities, and notably, among the more recent writers, by Posepny, 
who has introduced the terms idiogenous and xenogenous to designate 
these two classes. It seems to the present writer, however, that in 
a broad view of the field this distinction largely disappears or becomes 
of subordinate importance. 

Strictly speaking, nearly all, if not quite all, known rocks are sec- 
ondary. This is generally conceded for the sedimentary rocks ; but, 
following Iddings and other recent writers, it must be admitted also 
for the igneous rocks. A dike is a more or less highly differentiated 
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portion of some deep-seated magma, and it is clearly newer than the 
walls. An ascensionist, certainly, can say nothing more for a vein 
save that while in the formation of the dike heat is the chief agent, 
with water cooperating (aqueo-igneous fusion) ; in the formation of the 
vein water is the chief agent, with heat cooperating (igneo-aqueous 
solution). The greater mobility of the solution permits a higher de- 
gree of concentration, but concentration is a universal process and 
participates in the formation of eruptive masses and sedimentary de- 
posits as well as of veins. In other words, solidification and deposi- 
tion, or the rock-making processes, involve in every instance differen- 
tiation and concentration ; while liquefaction, or the destruction of 
rocks, whether aqueous or igneous, implies just as universally the un- 
doing of differentiation, or dissipation of matter. It appears illogical, 
therefore, to regard one class of rocks (vein rocks) as fundamentally 
distinguished by the fact that their formation involv^es the concentra- 
tion of their component minerals. The concentration is quite as 
marked in the formation of a bed of sand, clay, limestone, gypsum, 
chert, or iron ore ; and, if less marked, it is certainly not less true, in 
the formation of a dike of granite or trap. In the opinion of the 
writer, no sharp line of demarcation can be drawn between dikes and 
veins, and veins are clearly entitled to some degree of recognition in 
the lithological classification. In a broad view of the early history 
of the earth, all the sedimentary and vein rocks are, of course, sec- 
ondary with reference to the primitive igneous crust, but so are the 
Igneous rocks with which we are now acquainted. Probably none of 
the igneous rocks which have been studied are truly primitive, and 
their derivation in* some cases from sediments is claimed by many able 
observers. 

Veins and dikes are newer than both walls ; lava-flows and sedi- 
mentary strata are newer, always, than one wall and older than the 
other. But, for the reasons already stated, the primary distinctions 
should be genetic rather than structural, although here, as generally, 
a close correlation of genesis and structure is to be noted. Heat and 
water are the two great agents concerned in the modification and dif- 
ferentiation of the earth's crust ; and they are generally, if not every- 
where and always, in cooperation, heat prevailing, as a rule, at great 
depths and water at the surface. Thus arise the two principal classes 
of rocks — igneous and aqueous. In either class the rocks may be 
deep-seated (newer than both walls) or superficial (newer than one 
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wall), in other words, intrusive or contemporaneous. The intrusive 
igneous masses are known as dikes, etc., and the contemporaneous as 
lava-flows ; while the intrusive aqueous masses are known as veins, etc., 
atid the contemporaneous as sedimentary strata. 

Subterranean aqueous deposition must always take place from solu- 
tion, or in a purely chemical manner ; but superficial aqueous deposi- 
tion may take place from suspension (mechanically), or from solution 
(chemically), or through the agency of organic matter (organically) ; 
and these are undoubtedly, as generally recognized, the natural sub- 
divisions of the superficial aqueous rocks, standing secondary to the 
distinction of superficial and deep-seated deposits. In several pub- 
lished classifications of ore deposits, however, the primary divisions of 
the aqueous deposits are based upon the essential nature of the forma- 
tive process, whether mechanical or chemical. In other words, the 
first question asked concerning any type is. Was it deposited from sus- 
pension or solution } and not, Was it, in its origin, superficial or deep- 
seated } The disadvantage of this plan becomes apparent as soon as 
it is extended to embrace all economic deposits or to have approxi- 
mately natural boundaries, for it associates deposits having little in 
common and dissociates those that are closely related. Thus a bed 
of gypsum and a vein or impregnation, say of tin ore, are, according 
to these classifications, more nearly related, since both are chemical 
deposits, than a bed of gypsum and a bed of slate. This may be true 
from the standpoint of a chemist, but it is certainly not good geology ; 
for whether we are considering the relations of the deposits to each 
other or their general relations to geological history, gypsum stands 
naturally much nearer to slate than to tin ore ; and genetic, structural, 
and economic considerations all demand that superficial and deep- 
seated deposits should not be commingled. 

In the opinion of the writer we have good reason to believe that 
fusion and solution are not only continuous and overlapping processes, 
but that giant granite or pegmatite may be regarded as marking the 
halfway point, the product of their perfect cooperation. Pegmatite 
combines the characters of plutonic and vein rocks, but does not be- 
long distinctly to either class, demanding separate recognition and 
classification. 
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EXPLANATION OF THE CLASSIFICATION. 

The classification embraces, as the table shows, three primary and 
coordinate divisions, as follows : 

A. Deposits of igneous origin (igneous rocks). Heat is the chief 
agent. 

B. Deposits of aqueo-igneous origin (giant granite or pegmatite). 
Heat and water co5perate. 

C. Deposits of aqueous origin (sedimentary and vein rocks). 
Water is the chief agent. 

These main divisions of the classification may now be considered 
separately, and their subdivisions noted, with illustrative examples of 
each type, so far as such have been clearly recognized. Many of the 
examples, it should be added, have been taken directly from Professor 
Kemp's Ore Deposits of the United States ; and his interpretations 
of the facts have, in most cases, been accepted without further inves- 
tigation. 

A. Deposits of igneous origin. — Following the lines of the litho- 
logical classification, we may divide the igneous rocks into the intru- 
sive or plutonic rocks and the extrusive or volcanic rocks, although 
this distinction is obviously not of paramount importance on purely 
economic grounds. These two great classes of igneous rocks admit, 
for economic purposes, of parallel subdivision, as follows : 

I. Igneous deposits of subterranean origin (plutonic rocks). — 
Among the plutonic rocks we may recognize : 

(a) Normal plutonic rocks y altered and unaltered. These are use- 
ful . especially as affording materials for construction (building and 
ornamental stones, etc.), but they have in the aggregate, by virtue of 
their abrasive, refractory, and other qualities, a wide range of applica- 
tions in the arts. 

(b) Highly differentiated and excessively basic plutonic rocks. 
These are peridotites and other ultra-basic rocks, in which, through 
the operation, we may suppose, of Soret's principle, as Iddings ^ insists, 
aided, possibly, by magnetism and gravitation, as suggested by Vogt,* 
the metallic oxides or free bases (magnetite, menaccanite, etc.), which 
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occur only as relatively unimportant accessories in the normal types, 
become highly concentrated and give character to the rock, constitut- 
ing a very distinct and not unimportant type of iron ore. The dike 
or stock of titaniferous magnetite, with accessory olivine and feldspar, 
of Cumberland, Rhode Island, is a good example, and these ores have 
also been recognized in the Adirondacks, Minnesota, Brazil, and Scan- 
dinavia. It appears, in fact, that the highly titaniferous crystalline 
iron ores should be in general referred to this type. 

{f) Original disseminations in plntonic rocks. Not the rock as a 
whole but a single original constituent is useful. The useful mineral 
may be an accessory, as the zircon in certain syenites, or essential, as 
the chatoyant labradorite of certain norites and gabbros. This type is 
not markedly different from the preceding {b). Only one constituent 
or class of constituents is, strictly speaking, useful in each case ; but 
the magraatic concentration is an essential feature of (i), and the en- 
tire rock or ore must be mined and submitted to, metallurgical treat- 
ment. The last consideration savors somewhat of a classification by 
uses, and the chief emphasis should, therefore, be laid upon the con- 
centration of {b) as the more essential distinction. 

Each of these three types («, b, c) may, theoretically, at least, occur 
in or form (i) dikes, (2) intrusive sheets or sills, (3) laccolites, (4) stocks 
or plugs, bosses, and complexes. 

(d) Sublimates formed in dry fissures or other cavities, and not 
necessarily in plutonic rocks, although heat, of course, is still the chief 
agent. This type — virtually veins formed by sublimation — is pro- 
posed with hesitation. Sublimation is at the present time, and justly, 
in marked disfavor as a general explanation of mineral veins. Below 
the permanent water level the vacant fissures essential to the forma- 
tion of sublimates must be nonexistent, and subterranean sublima- 
tion deposits, if occurring at all, must be quite limited in depth, while 
the composition and structure of most veins are best explained by 
deposition from solution. On the other hand, the varied and abun- 
dant sublimates formed on the surfaces and in the cracks of recent 
lavas make it more than probable that, at least in the neighborhood 
of volcanic vents, they extend to a sufficient depth to deserve classifi- 
cation among subterranean deposits, and we may safely conclude that 
sublimation is a true, though not a principal, cause of vein formation. 
This conclusion is sustained by the fact that a large proportion of the 
vein-forming minerals have been produced experimentally by sublima- 
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tion. Although accepting the sublimation theory as a \'alid expla- 
nation within the narrow limits indicated, I am unable to cite positively 
any economic deposits as examples under this head, but there seems 
to be a fair probability that such exist. 

II. Igneous deposits of superficial origin (volcanic rocks). — Simi- 
larly, the volcanic rocks include : 

(a) Normal volcanic rocks or lavas (including tuffs), ancient and 
modem. These, like the corresponding plutonic rocks, are useful 
chiefly for structural purposes, but it is sufficient to cite pumice to 
indicate that they also have other uses. 

(b) Highly differentiated and excessively basic volcanic rocks. The 
conditions are undoubtedly less favorable for the development of the 
igneous iron ores in lava-flows than in plutonic masses, but this type 
is proposed in the belief that this mode of occurrence is not impos- 
sible. In fact, it might almost be claimed that we have an example in 
the huge masses of native iron in the basalt of Ovifak. 

(f) Original disseminations in volcanic rocks. The crystals of peri- 
dot (olivine) and various other gems occurring as original, and usually 
as accessory, constituents of lavas clearly justify this feature of the 
classification. 

Each of these three types (a, b, c) may occur in or form (i) con- 
temporaneous sheets or flows, (2) volcanic cones, (3) volcanic pipes 
or necks. 

(d) Sublimates on recent lava in solfataras, fumaroles, etc. The 
abundant occurrence of sulphur, boracic acid, and other minerals of 
economic interest in and about volcanic craters, establishes the valid- 
ity of this type. 

B. Deposits of aqueo-igneous origin. — The arguments for the sep- 
arate recognition in the lithological classification of the aqueo-igneous 
rocks, or pegmatites, have been stated with sufficient fullness. Their 
economic importance is manifest when we reflect that they are the 
principal source of quartz, feldspar, and mica for commercial purposes, 
that they contain important deposits of tin ore, and that they afford 
tourmaline, beryl, and other valuable gems. 

C. Deposits of aqueojis origin. — The aqueous deposits embrace, 
as already explained, both those of subterranean origin (vein rocks, 
etc.) and those of superficial origin (sedimentary rocks, etc.). 
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I. Aqueous deposits of subterranean origin (vein rocks, etc.). — 
These have necessarily been formed by deposition from solution ; but, 
although they are, in general, vein-like, and are, as a class, commonly 
called veins, it appears to the writer that in a classification based upon 
origin three main divisions should be recognized, as follows : veins, or 
deposits in preexisting cavities ; impregnations, both metasomatic and 
non-metasomatic ; and substitution deposits, or complete metasomatic 
replacements. , 

I. Veins, or deposits in preexisting cavities. — The line of demar- 
cation between impregnations and substitution deposits is, in the na- 
ture of the case, less sharply defined than that between either of these 
classes and veins, since metasomatic impregnations must grade into 
complete replacements. A preexisting cavity, or free, continuous 
space, is regarded as essential to the formation of a vein, and all 
deposits in such cavities, without regard to the forms or modes of 
origin of the cavities, are here classed and described as veins. It 
should be noted, however, that the cavities are usually, if not always, 
secondary features of the wall-rock, the product, in general, of dis- 
placement, plication, shrinkage, or solution. The only important in- 
stance, so far as I know, of cavities contemporaneous with the walls 
which might conceivably become the seats of veins is afforded by 
the lava tunnels, which are a somewhat important feature of the Ha- 
waiian and some other volcanoes. It seems extremely probable that 
cavities formed in this way have, in some instances, been filled 'by 
deposition from solution ; but, so far as I am aware, this mode of occur- 
rence has not been demonstrated, at least not for any economic depos- 
its, although it is well known that the " chimney *' form which this 
origin would require has been clearly recognized in certain ore de- 
posits. The discovery of an undoubted instance of ^uch a lava-tunnel 
vein of economic interest would necessitate a fundamental distinction 
between veins filling original and those filling secondary cavities, all 
the types of veins recognized in this paper belonging to the second 
class. 

True veins are, of course, always to be reckoned as structural 
rather than textural features of the formations which they traverse, 
• and the amygdaloidal and interstitial deposits due to the filling of 

steam holes and other forms of interstices are types of impregnations 
and not of veins. It may be noted, however, that the larger steam- 
holes pass gradually into irregular cavities of considerable size which 
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are also often filled with segregations of chalcedony, etc., and clearly 
point to the possibility of veins in lava tunnels. 

The following classification of veins formed in secondary cavities is 
based upon the modes of origin, and only incidentally upon the forms 
of the cavities or fissures ; but it is clearly recognized, as already 
pointed out, that with increasing knowledge of the chemistry of vein 
formation the mode of filling will take precedence as a basis for the 
classification, the present arrangement being regarded as provisional. 
Not only the character of the mineral solutions, but their sources, 
whether descending, lateral (lateral secretion veins), or ascending, 
should be considered in the true classification of veins. The advocate 
of either source to the exclusion of the others ought to appear as 
archaic now as would an out and out plutonist or neptunist ; for this 
is the day of the recognition of the kernel of truth in every theory. 
We are recognizing more and more clearly that nature has worked 
in diverse modes to the same general end, and that a complex class 
of phenomena cannot, as a rule, be referred to a single simple cause. 
Posepny has properly emphasized the distinction between the super- 
ficial and the deep-seated aqueous circulation ; and he is undoubtedly 
right in relegating the phenomena of vein formation chiefly to the 
domain of the latter. But in his enthusiasm as an ascensionist he 
has probably gone too far and referred to ascending currents deposits 
that may be more readily explained by lateral secretion or descending 
currents. 

During the filling of a cavity the mineral solutions may or may 
not penetrate and impregnate the walls ; and this impregnation, when 
it occurs, may or may not be metasomatic. Thus the same continu- 
ous deposit may combine a vein and an impregnation, or a vein and 
a substitution deposit, or all three ; and the vein is in many cases the 
least important part of the combination, having simply supplied a chan- 
nel for the impregnating and replacing solutions. Similarly veins may 
or may not occur on or near igneous contacts, although, as others have 
pointed out, all deep veins are contact deposits with reference to the 
igneous interior of the earth. These distinctions, as well as the 
source and nature of the solutions and the mode of origin of the cavi- 
ties, should be recognized in a complete and detailed classification of 
veins. But it is deemed suflScient to simply refer to them here, and 
thus, incidentally, to explain the absence from the outline scheme here 
proposed of the so-called contact veins. 
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In a classification of veins filling secondary cavities, in accordance 
with the mode of origin of the cavities, it is of the first importance to 
distinguish sharply, as Posepny has done, between the cavities formed 
by mechanical forces ("spaces of discission*') and those formed by 
chemical forces ("spaces of dissolution"). Of the eight types of 
veins described in the following pages, six belong to the first category 
and two to the second. 

(a) True fissure veins, filling profound fissures, which are usually 
accompanied by displacement (fault-fissures). This is the leading type 
of veins and is so recognized in the standard text-books of geology. 
When the fissures can be proved to coincide with important displace- 
ments, permanence in depth is reasonably assured and filling by as- 
cending currents may be regarded as highly probable. Sl^kensided 
walls and a distinct selvage are very characteristic features, though by 
no means essential or peculiar. Important examples are so numerous 
as to make citation or further description unnecessary. 

{b) Crushed-zone or shear veins , filling crushed or shear zones along 
faults or lines of shearing stress. These are often equivalent to fissure 
veins filled with fragments of the wall-rock ; and in other cases the 
crushing may take the form of a more or less distinct sheeting. The 
crushed or sheeted rock is frequently extensively impregnated or re- 
placed by the vein matter ; and the inclosure of the fragments is often 
so dike-like that the vein matter has, even by some recent writers, been 
regarded as of igneous origin. The veins of this type are commonly 
without definite boundaries or walls and sometimes pass into more or 
less typical stockworks. The normal form of the deposit, when not 
sheeted, is believed to be approximately or roughly lenticular, and it is 
probable that one great lens may succeed another in strike or depth 
along an extended line of fracture. This localization of the crushing 
may, apparently, be regarded as a necessary result of a shearing stress 
along a highly irregular or somewhat interlocking fracture, the pro- 
truding or convex portions only of either wall being crushed by the 
enormous friction. Among the more important deposits believed to 
be referable to this type are the nickel ores of the Sudbury District, 
Ontario, and the Gap Mine, Pennsylvania. 

(c) Joint or gash veins, filling joint-cracks, or fissures due to 
(i) shrinkage and (2) vibratory and torsional strains, and (3) trans- 
verse fissures due to plication and warping, without faulting. This 
type, with varying definition, has been recognized in several classifica- 
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tions of veins. It is, of course, not always sharply distinguished from 
the true fissure veins. The chief points of difference are that fault- 
ing is more commonly absent and when occurring is less extensive, 
that the veins are more limited in length and depth, that slickensided 
walls and a true selvage are more commonly wanting, and the filling 
is more likely to have been by lateral secretion. Like joint-cracks, 
the gash veins are frequently intersecting (reticulated veins) and often 
exhibit the stockwork phase. In fact, reticulated veins and veinlets, 
or stockworks, although a phase, also, of shear veins, may be regarded 
as in the main a sub-type of the gash veins. In calcareous rocks the 
cracks have been very generally enlarged by solution before filling; 
and in both calcareous and siliceous rocks impregnation and replace- 
ment of the walls are of common occurrence. The transverse fis- 
sures due to plication, here referred to the gash veins, are likely to be 
limited in depth and to differ from ordinary joint-cracks chiefly in the 
divergence of the walls, diverging downwards in syncilinal cracks and 
upwards in anticlinal cracks. Among the many more or less typical 
examples of gash veins which might be cited are the following : The 
auriferous pyrite and chalcopyrite veins of Gilpin County, Colorado ; 
the veinlets of native copper in felsite, Santa Rita, New Mexico ; and 
the lead and zinc deposits of the Mississippi Valley, which take the 
form chiefly of gash veins and flats, the flats being in part horizontal 
gash veins. As examples of stockworks in this country we have : 
the Black Copper group. Globe District, Arizona ; the zinc deposits 
of Saucon Valley, Pennsylvania ; the lead-silver deposits in the dolo- 
mite of Aspen Mountain, Colorado ; and in part the quicksilver de- 
posits of New Almaden, California. 

(ci) Interbedded vcinSy filling rifts between the strata, i.e., fissures 
parallel with the strata and due to plication. Although the close rela- 
tions of this type to the gash veins are very obvious, its distinctive 
features are so strongly marked as, in the opinion of the writer, to 
justify its separate recognition. In fact, no type of veins possesses 
more definite characteristics or is more readily identified. As a rule 
they conform closely or perfectly with the strata in strike and dip ; 
present, in many cases, remarkably smooth and well-defined walls, 
without indications of slipping, and from the nature of the case they 
must be limited in depth. The essential thing is that they are rifts 
due to plication ; for of course true fissure veins (a) may conform 
with the strata superficially. Tarr, in his recent and comprehensive 
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work on the Economic Geology of the United States (p. 90) seems to 
consider that for veins of this type there were no preexisting fissures, 
segregation commencing along a bedding, cleavage, or joint plane, and 
the deposit, as it grew, crowding back the rocks and making room 
for itself, much as a concretion or a root would. That this is a pos- 
sible explanation I am ready to believe, for I have observed something 
analogous in the veinlets of gypsum traversing anhydrite in the gyp- 
sum quarries of Windsor, Nova Scotia. But rifts between the strata 
are unquestionably a natural result of the folding of thin-bedded rocks ; 
although the two causes might, of course, cooperate. If these truly 
concretionary veins should prove to be important or of economic inter- 
est, it would become necessary to make a fundamental distinction in 
the classification between endogenous veins (formed in preexisting 
cavities) and exogenous veins (formed, like concretions, in the solid 
rock). As examples of interbedded veins we have the auriferous 
quartz veins of Nova Scotia, California, and other districts ; the great 
lenticular veins of pyrite along the Appalachian belt ; the lenses of 
specular hematite on the James River, Virginia ; and, possibly, some 
of the great lenses and sheets of magnetite belong here. 

{e) Neck veins, filling the interstices of agglomerates in volcanic 
pipes or necks. This is a recently, but now quite generally, recog- 
nized type, based upon the Bassick and Bull Domingo silver mines, 
near Rosita, Colorado. These ore bodies or deposits are chimneys, 
20 to ICX) and 40 to 60 feet in horizontal section, in andesite and in 
Archaean gneiss, respectively, filled chiefly with fragments of the wall- 
rock, and between, over, and replacing these fragments the deposition 
of the ores has taken place. This mode of occurrence is, a priori, so 
probable, that we may fairly suppose that other and more important 
examples have been overlooked or misinterpreted. The resemblance 
of this type to the lenticular crushed-zone or shear veins is quite 
marked ; and when we consider that, as in these cases, the necks of 
craters and craterlets are naturally elliptical in outline and tend to 
occur in linear series along lines of fissure, the need of proceeding 
cautiously in distinguishing these two types is obvious. 

(/) Crenitic veins, filling the conduits of thermal and other springs. 
This type, which, so far as I know, is proposed here for the first time, 
is suggested by the deposits of silver-lead ores of Red Mountain, 
Ouray County, Colorado. The deposits traverse the mountain in an 
irregular way, and are believed to mark the courses of old hot spring 
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conduits. The wall-rock is silicified andesite, having been highly 
altered by the ancient thermal waters. This type differs from true 
fissure veins much as a volcanic neck differs from a typical dike ; i.e.., 
the ascending ore solutions are more localized, and it is, perhaps, pos- 
sible that at greater depths these conduit deposits pass into normal 
fissure veins. Believing, as we do, that mineral springs have played 
an important part in the formation of veins, the only occasion for sur- 
prise is that these crenitic veins have not been more frequently iden- 
tified and described ; and it will be recalled that Sandberger finds here 
one of his chief arguments against the theory that veins are formed 
by ascending currents. It is probable that the conduits have, in most 
cases, at least, been somewhat enlarged and modified in form by solu- 
tion prior to filling. This assumption would be particularly safe when 
the wall-rock is limestone, but such modification must, evidently, be 
equally common with gash veins and other types having the normal 
sheet form. The cavities of mechanical and of chemical origin are 
thus combined, but gradation and transition forms are the rule every- 
where in geology, and veins are no exception. 

kS) Cavern veins filling cavities due to solution, including cham- 
bers, flats, sheets, pitches, etc. This is the principal type of veins 
filling "spaces of dissolution." On a priori grounds it has strong 
claims to recognition. Solution cavities or caverns are numerous, es- 
pecially in limestones above the drainage level ; and we often observe 
them in process of filling, especially with stalactite and stalagmite de- 
posits. The chief difficulty is to find undoubted examples of economic 
interest, nearly all the deposits formerly referred to this type having 
been proved, on more careful study, to be replacements. As more or 
less probable examples I may cite the celebrated Cave Mine of Beaver 
County, Utah ; some of the lead and zinc deposits of the Mississippi 
Valley (enlarged gash veins) ; and a series of small caves near Ouray, 
Colorado, in quartzite overlain by shales, and containing native gold. 
The clearest and most unequivocal examples of all, however, we have 
in the deposits of onyx marble of stalactitic and stalagmitic origin 
in limestone caverns. 

(//) Brecciated cavern veins, filling collapsed or brecciated beds 
resulting from solution, dolomitization, or some other chemical change. 
This type is related to the last very much as the shear veins are to the 
true fissure veins. Particular strata of limestone are weakened by the 
solvent action of percolating water ; they collapse and become brecci- 
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ated, and between and around the fragments thus resulting the vein 
minerals are deposited. It is obvious that metasomatic replacements 
might not be readily distinguished from deposits of this type. Among 
the actual occurrences supposed to belong here are the specular hem- 
atite of Crawford County, Missouri ; the copper ore of St. Genevieve, 
Missouri ; the lead and zinc deposits of the Upper Mississippi Valley 
(in part), including the "lower flats" and "tumblers" of Chamber- 
lain ; and the zinc deposits of southwest Missouri. 

2. Impregnations, or deposits filling the pores, and often replacing 
the original or normal constituents of various rocks (metasomatosis). — 
Although second only in importance to veins, this main type of aque- 
ous deposits may be more briefly described. Certain types of impreg- 
nations occur chiefly, as already explained, in the walls of veins, the 
fissure having afforded a passage for the impregnating solutions in 
each case. Also, impregnations like veins may or may not occur 
along igneous contacts. In the subdivision of impregnations we may 
properly distinguish the concretionary, pore-filling but not concretion- 
ary, and metasomatic but not concretionary types, as follows : 

(a) Concretionary deposits that are not metasomatic — impure con- 
cretionsy due to the segregation of a. soluble constituent in a siliceous 
or otherwise insoluble rock. The segregating minerals are chiefly car- 
bonates (calcite, etc.), including the carbonate of iron from which the 
iron is often deposited as the insoluble oxides. Being unable to re- 
move the siliceous matrix, the segregating minerals are deposited in 
it, more perfectly cementing the particles of clay, grains of sand, etc. 
The common clay-stone is a familiar example of these impure con- 
cretions — combinations of concretion and matrix — and clay iron- 
stone may be named as the chief economic example. 

ip) Concretionary deposits that are metasomatic — p7ire concretions^ 
due to the segregation of a soluble constituent in a soluble or metaso- 
matically replaceable matrix. The siliceous concretions of calcareous 
rocks (flint and chert nodules, geodes, etc.) are clearly the most im- 
portant examples, and no more distinctly economic examples have 
occurred to me ; but this type may fairly be retained to preserve the 
symmetry of the classification. It should be noted that the essential 
idea of an economic concretionary deposit is that, although the segre- 
gating mineral is an original constituent of the rock, the segregation 
is required to make it available (concrete) and useful. If the rock as 
a whole is useful, as in the case of oolitic limestone and iron ore, it 
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must be differently classified. Clay ironstone is separated from 
black-band ore in the classification simply because segregation is, 
in the first, essential to make the iron carbonate useful, to change 
it from a rock to an ore ; and the ore only and not the entire rock 
is used. 

if) Amygdaloidal deposits^ filling the pores (steam holes) of igne- 
ous (volcanic) rocks. This familiar type requires no detailed expla- 
nation. The most important example is, of course, the cupriferous 
amygdaloid of Keweenaw Point, to which may be added the cuprifer- 
ous felsite of Santa Rita, New Mexico, although the supposed amyg- 
dules may be only pseudo-amygdules, or actual replacements, filling 
secondary cavities, which would refer the deposit to the metasomatic 
impregnations. 

(d) Interstitial deposits^ filling the pores (interstices) of sedimen- 
tary (chiefly fragmental) rocks. The designation of this type, although 
not, perhaps, wholly unobjectionable, is the most satisfactory that has 
occurred to the writer. It is intended to include all those cases 
where sedimentary rocks have been filled but not replaced by eco- 
nomic amounts of useful minerals. It is very probable, however, that 
in many cases, as in the cupriferous conglomerate of Keweenaw Point, 
the interstitial filling is accompanied by true metasomatic replace- 
ment. As additional examples of this type we have the cupriferous 
sandstones of the Copper Basin, etc., Arizona, and of various locali- 
ties in Texas, New Mexico, Utah, etc. ; the silver-lead, apparently non- 
metasomatic, deposit in quartzite of Coeur d' Alene, Idaho ; the Pots- 
dam sandstone of the Black Hills impregnated with auriferous pyrite, 
which may be oxidized ; and the argentiferous Triassic sandstone of 
the celebrated Silver Reef Mine, Utah. 

The non-concretionary metasomatic impregnations may be conven- 
iently subdivided in accordance with the nature of the impregnated 
rock, as follows : 

(c) Metasomatic deposits in calcareous rocks. The Clinton iron 
ores appear to be in part limestone replaced by ferric oxide. The 
deposits of galenite and nickeliferous pyrite of Bonne Terre, Mine la 
Motte, and Doe Run, Missouri, are local enrichments (impregnations) 
of limestone ; and the silver ores of Glendale, Montana, and Wood 
River, Idaho, clearly belong under this type. According to Kemp's 
recent and able summary of our knowledge of the extensive and 
unique deposits of oxidized zinc ores at Franklin Furnace and 
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Ogdensburg, New Jersey, they are most probably interbedded im- 
pregnations.^ 

(y) Metasomatic deposits in fragmental rocks. Some of the native 
copper of Keweenaw P6int belongs here ; and the copper ores near the 
trap sheets in the Triassic sandstone of New Jersey not only impreg- 
nate, but, apparently, actually replace, the sandstone. 

{g) Metasomatic deposits in igneous rocks. The first examples 
noted occur in volcanic rocks and the later ones in plutonic rocks. In 
the cupriferous amygdaloid of Keweenaw Point, the copper is in part 
a true replacement of the diabase. 

The auriferous quartz of the Little Annie Mine, Rio Grande 
County, Colorado, is probably a silicified rhyolite. At Silver Cliff, 
Colorado, rhyolite is impregnated with cerargyrite ; and in the Calico 
District of California liparite and tuff are similarly impregnated. The 
copper deposits of Llano County, Texas, are partly fissure veins, but 
chiefly true impregnations in granite. The copper ores of the Morenci 
District, Arizona, are in part impregnations of the porphyry in which 
they occur. Many of the gold and silver deposits of the Rocky Moun- 
tains, etc., are metasomatic impregnations of dikes and plutonic masses. 
The tin deposits of Irish Creek, Virginia, are typical impregnations of 
granite along leaders (veinlets) of quartz. • 

(//) Metasomatic deposits in metamorphic rocks {gneisses and 
schists). These deposits, when conforming with the bedding or folia- 
tion, constitute the typical fahlbandsy and are then not easily distin- 
guished from original sedimentary deposits on the one hand and inter- 
bedded veins on the other. Besides the classic example, the argentifer- 
ous fahlbands at Kongsberg, Norway, which are of economic interest 
only at their intersections with a series of veins, we may notice one 
important American locality. The great pyritiferous bed (superficially 
oxidized) of the Homestake Mine and other similar beds in the Black 
Hills are either original or secondary (true) fahlbands. If the pyrite is 
a part of the original sedimentary deposit, the subsequent changes — 
crystallization and segregation — have probably been suflftciently ex- 
tensive to justify the present classification. 

3. Substitution deposits, or complete metasomatic replacements. — 
Through the recent labors of Dr. S. F. Emmons and others, the sub- 
stitution deposits have been proved to be of great importance, and 
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many deposits formerly classed as veins are now known to be com- 
plete metasomatic replacements. Metasomatic impregnations may be 
regarded as marking, in general, the halfway point in the development 
of substitution deposits, although in calcareous rocks the impregna- 
tion stage cannot be regarded as essential, the contact between the 
ore body and the limestone being often sharply defined. Like impreg- 
nations, the substitution deposits may or may not occur in the walls of 
veins or along igneous contacts. Substitution deposits may be divided 
in the same way as impregnations ; but, since they present compara- 
tively little commingling of rock and ore, it is sufficient for our pur- 
pose to recognize two sub-types, as follows : 

{a) Substitution deposits in calcareous rocks. The important ex- 
amples are too numerous for detailed citation, but include the follow- 
ing: the copper deposits in part of the Morenci, Bisbee, and Globe 
Districts of Arizona, and of the Santa Rita District, New Mexico; 
and the lead-silver ores of the Leadville, Ten Mile, Monarch, Eagle 
River, Aspen, and Rico Districts, Colorado ; of Galena and Carbonate, 
South Dakota ; of Bingham, and Big and Little Cottonwood Canons, 
the Crismon-Mammoth vein, and the Horn Silver Mine, Utah ; and of 
the Eureka and White Pine Districts, Nevada. 

{b) Substitution deposits in siliceous rocks. Owing to the greater 
insolubility of the rocks, the well-identified examples under this type 
are less extensive, but include the following : the hematite of the Pen- 
okee-Gogebic District and the Mesabi Range and, possibly, of Iron 
Mountain, Missouri ; the copper ores of Butte, Montana (extensive 
replacements of granite along small fissure veins) ; the veins of native 
copper on Keweenaw Point ; and many so-called gold and silver veins, 
including the Comstock Lode. 

II. Aqueous deposits of superficial origin (sedimentary rocks, etc.). 
— The history of the superficial aqueous deposits is so much less 
obscure than that of the subterranean deposits that comparatively 
brief statements will suffice. Following the order of the lithological 
classification, we have : 

I. Mechanical deposits (fragmental rocks). — These have been de- 
posited from suspension and include : 

{a) Normal fragmental rocks, including the conglomerate, arena- 
ceous, and argillaceous groups, consolidated and unconsolidated. 

ip) Placer deposits, fluvial and marine, ancient and modern. The 
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sorting action of water has effected the concentration in the rock, at 
the time of its deposition, of one or more useful minerals, such as 
gold, platinum, iridosmine, cassiterite, and magnetite, and corundum, 
topaz, diamond, and other gems. This type may be compared with 
the original disseminations in igneous rocks, a single constituent and 
not the entire rock being useful. It is quite unnecessary to cite the 
numerous gold placer districts of this country. Marine placers occur 
at Port Orford, Oregon, and Yakutat Bay, Alaska. The gold placers 
of the Black Hills are in part quaternary and recent, and in part the 
basement beds of the Potsdam sandstone. 

2. Chemical deposits (chemically-formed rocks, etc.).— These have 
been deposited from solution by : 

{a) Oxidation. The examples include bog limonite, with pond and 
lake ore ; Clinton hematite, oolitic ore, due to deposition of iron oxide 
in concentric coats about minute grains of quartz, and fossil ore, where 
the iron oxide is deposited in or replaces water-worn fragments of cal- 
careous organisms ; beds of limonite and red hematite in various for- 
mations from the Cambrian to the Tertiary; the specular hematite 
of the Marquette and Menominee Districts (probably) ; the Vermilion 
Lake hematite, believed by Prof. N. H. Winchell to be a marine chem- 
ical precipitate ; the great bed of specular hematite on Pilot Knob, 
Missouri, (probably) ; bauxite, and many manganese deposits. 

{b) Redtution. The chief agent is organic matter, and under its 
influence the soluble sulphates yield native sulphur and various metal- 
lic sulphides. Sulphide of iron is extensively deposited in this way in 
argillaceous sediments ; and it may be that some of the great beds and 
lenses of pyrite have had this origin. 

(c) Evaporation, The chief examples are siderite (black-band, etc.), 
calcareous and siliceous tufas, gypsum, rock salt, etc. The tufas would 
be of special interest in a more detailed study as marking the overflow 
portions of subterranean solutions which formed veins and impregna- 
tions on their way to the surface. 

3. Organic deposits (organically-formed rocks, etc.). — These have 
been formed by the accumulation of : 

(fL) Hydrocarbons^ giving rise to coals, bitumens, etc. 
(b) Siliceous organisms, giving rise to tripolite, etc. 
if) Calcareous organisms, giving rise to limestones. 

(d) Phosphatic materials, giving rise to guano and phosphate rock. 
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4. Metamorphic deposits. — Either of the above groups (i, 2, 3), 
under the combined influence of water, heat, pressure, and chemical 
change, may become metamorphic (crystalline), affording thus : 

(a) Normal metamorphic rocks, where the rock as a whole may be 
useful (some of the crystalline iron ores belong here), and 

{b) Original disseminations in metamorphic rocks, where crystal- 
lization has developed in the rock minerals (usually accessory, such as 
garnet and pyrite), which may be of economic interest. 

5. Residuary deposits. — These are due to superficial chemical 
changes (oxidation, hydration, etc.) and commonly to differential chem- 
ical erosion. Two principal types may be recognized, as follows : 

(a) Oxidized and partially oxidized, and residtmry metalliferous 
deposits (including gossan). The chief examples are the residuary ores 
of iron and manganese, including the limonite deposits of the Great 
Valley, the great deposit of magnetite at Cornwall, Pennsylvania, 
being, perhaps, a metamorphic example of one of these. The Clinton 
ore (hematite) is due in part to the differential erosion of ferriferous 
limestone. The beds of conglomerate iron ore mantling Iron Moun- 
tain and Pilot Knob, Missouri, are virtually ancient residuary deposits. 

{b) Residuary earthy and siliceous deposits, including a large pro- 
portion of the ordinary superficial detritus or soil and some phosphate 
deposits, kaolin being the most important single example. 

In conclusion, it may be noted that it is not a valid argument 
against this or any classification that our ideal types are far simpler, 
in most cases, than the actual deposits ; for a classification, to have 
any value, must isolate causes and exhibit phenomena in their ele- 
ments. Thus, for example, actual veins are usually combined with 
impregnations and replacements, and on the surface mechanical, chem- 
ical, and orgailic deposition go hand in hand ; and we cannot ordinarily 
say of a deposit that it belongs to this or that type, but to this or that 
combination of types. 

OUTLINE OF THE CLASSIFICATION. 

A. Deposits of igneous origin (igneous rocks). 

I. Igneous deposits of subterranean origin (plutonic rocks). 
ifi) Normal plutonic rocks. 
ip) Excessively basic plutonic rocks. 
{c) Original disseminations in plutonic rocks. 
(d) Sublimates in fissures. 
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II. Igneous deposits of superficial origin (volcanic rooks). 

{a) Normal volcanic rocks or lava^. 

ip) Excessively basic volcanic rocks. 

{c) Original disseminations in volcanic rocks. 

{d) Sublimates on lava. 

B. Deposits of aqueo-igneous origin. 

C. Deposits of aqueous origin. 

I. Aqueous deposits of subterranean origin (vein rocks, etc.). 

1. Veins, or deposits in preexisting cavities. 

{d) True fissure veins. 

ip) Crushed-zone or shear veins. 

if) Joint or gash veins. 

{d) Interbedded veins. 

(e) Neck veins. 

(/) Crenitic veins. 

{g) Cavern veins. 

(A) Brecciated cavern veins. 

2. Impregnations. 

(fL) Concretionary deposits, not metasomatic. 

ip) Concretionary deposits, metasomatic. 

{f) Amygdaloidal deposits, 

(rf) Interstitial deposits. 

(e) Metasomatic deposits in calcareous rocks. 

(/) Metasomatic deposits in fragmental rocks. 

(^) Metasomatic deposits in igneous rocks. 

(A) Metasomatic deposits in metamorphic rocks. 

3. Substitution deposits. 

ifi) Substitution deposits in calcareous rocks. 
ip) Substitution deposits in siliceous rocks. 

II. Aqueous deposits of superficial origin sedimentary rocks, 

etc.). 

I. Mechanical deposits (fragmental rocks). 

(d) Normal fragmental rocks. 
ip) Placer deposits. 
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2. Chemical deposits (chemically-formed rocks, etc.). 

(a) Oxidation deposits. 
(6) Reduction deposits. 

(c) Evaporation deposits. 

3. Organic deposits (organically-formed rocks, etc.). 

(a) Hydrocarbons. 

(d) Siliceous rocks. 

(c) Calcareous rocks. 
(d) Phosphatic rocks. 

4. Metamorphic deposits. 

(a) Normal metamorphic rocks. 

(i) Original disseminations in metamorphic rocks. 

5. Residuary deposits. 

(a) Residuary metalliferous deposits. 

(d) Residuary earthy and siliceous deposits. 
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MOMENT OF INERTIA OF SOLID OF REVOLUTION 

By albert F. HALL, S.B. 
Received March as, 1894. 

Mr. Amsler has proposed a method for finding the moment of 
inertia of solids of revolution, a description of which has been 
kindly sent to the writer by Professor Coleman Sellers.^ The fol- 
lowing modified treatment and its application to a fly-wheel will, 
perhaps, be of interest to many of the Quarterly's readers : 

From the unshaded area A^ Figure i, construct the shaded area by 
drawing any line, as B^ parallel to the axis of rotation and radial lines 
similar to "ob. Conceive an infinitely thin wedge A^ cut from the solid, 
such that x^dy shall be equal to dt^ or yd6^ then, calling Fthe volume 

of the solid, V = ffxydydB. But ;r = f^ . •. F = ffcx^dydd. If 

y 

A-j^ = section A + the shaded area, then V=^ffcdA^dd and 



V = cA^ J dd = 27rcA^. 




rotaiioTt. 



^ See the Stevens Indicator, October, 1893, ^^^' ^> ^o* 4> P^^ 2^3* 



so Albert R Hall. 

Let /j, = the moment of inertia of the solid, then 

/, ^Jf^xdydt = Jff^!Lkdy ydB =JfcdBfx^dy or 

f, = c \ ^ X^x-^dy =■ 2ircl 
where /= moment of inertia of A^ about the axis of rotation. The 
radius of gyration := p = -J -' =: -W — . 

APPLICATION TO THE RIM OF A FLY-WHEEL. 

c =72 inches. A = 82.98 square inches. 
Aj =:9i.42 square inches. /= 576707,02. 
K = 2XirX72X 9142 = 41357-42 
cubic inches. 

The center of gravity of A from the 
axis ^ 7927 .-. the volume of rim is 
also : 

F=2 XirX 7927 X 82.98 = 41329.69 

cubic inches, or 0.9993 of the first value, 

-j^ j- V ^j/ which shows the accuracy of the drawing. 






»=Vi?r°^ = 79.4.". 



Yio, 2. Had the radius to the center of gravity 

' been used, the error would have been only 

(79-42 - 79-27) X too ^ i9_ ^f < 
79-42 

which shows that in such a case the radius to the center of gravity of 
the section A is sufficiently accurate. 

The above calculations were made with the aid of an Amsler 
"Mechanical Integrator" which gives areas, statical moments, and 
moments of inertia of plane surfaces. 
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THE ELECTRICAL PURIFICATION OF WATER. 

By THOMAS M. DROWN, M.D. 
Recehred April 9, 1894. 

In this electrical age when a new application of electricity to 
every-day needs is a matter of daily experience, it does not surprise 
any one to hear of the practical use of electricity as a purifying and 
disinfecting agent, particularly as we are accustomed to think of it as 
a force which purifies as well as destroys. The electrical purification 
of water and sewage appeals to most persons, therefore, as a process 
likely to be both potent and effective. There is, moreover, to some 
minds a peculiar satisfaction in the contemplation of a subtle force 
which acts in a mysterious way, and to such minds an explanation is 
often "an unwelcome disillusion. Inasmuch as considerable prominence 
has been given in the last decade to methods of electrical purification 
of water and sewage, it may not be uninteresting to state briefly just 
-how this purification is effected and the principles on which it rests. 

We may distinguish two classes of so-called electrical purification : 
(i) Those which electrolyze water, liberating oxygen at the positive 
pole ; and (2) those which electrolyze a solution of common salt and 
liberate chlorine in the same way. 

The Webster process for the purification of sewage, of which a 
good deal was once heard, belonged mainly to the first class, although, 
by reason of the chlorides contained in the sewage, it fell also, in part, 
into the second class. The oxygen liberated at the positive pole, while 
in the nascent state, was supposed to oxidize some organic matter; 
but as this pole was composed of iron plates the oxygen was mainly 
consumed in oxidizing this iron, and the oxide of iron thus formed 
acted as a precipitating agent on the sludge in the sewage. The 
process was thus mainly one of chemical precipitation of sewage by 
means of oxide of iron, which was formed by a current of electricity 
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passing through the sewage. Much was hoped from this process, but 
it never passed, as far as I am aware, beyond the experimental stage. 

The possibility of oxidizing organic matter on a large scale, by 
means of nascent oxygen liberated from water by the electric current, 
will probably never be more than a dream. Attractive as the process 
seems, the necessary conditions for accomplishing it could probably 
never be realized on a city's water supply or on its sewage. One word 
in this connection about the nascent state of an element, of which we 
hear so much nowadays. It is a well-known chemical fact that ele- 
ments just liberated from combinations are much more active than in 
their ordinary condition. Nascent hydrogen, for instance, is a power- 
ful reducing agent ; nascent oxygen a powerful oxidizing agent — 
properties which are lost when these elements have assumed their 
molecular condition. 

In some of the recent literature which I have read on the elec- 
trical purification of water, I have come across the idea that a nascent 
substance is one that is fresh in contradistinction to one that is stale ; 
as if, for instance, oxygen liberated from v/ater a minute ago would be 
more active than if it had been formed one hour. This is very wide of 
the mark ; it is only at the very instant of formation that an element 
has enhanced powers due to its nascent or new-born condition. 

The more recent systems of purification of water and sewage by 
electricity belong in the second class, that is, the decomposition, by 
electrolysis, of a solution of common salt. When a solution of salt 
(chloride of sodium) is decomposed by electricity, we have sodium 
liberated at one pole and chlorine at the other. The sodium is im- 
mediately oxidized and combines with the water present, and a solu- 
tion of caustic soda results. By suitable mechanical contrivances the 
chlorine gas may be conducted away from the other pole as fast as 
liberated and collected as such. This method of making caustic 
soda, it may be said incidentally, is yet more or less in its experi- 
mental stage ; but it seems not unlikely that the electrolytic produc- 
tion of caustic soda from common salt may become one of the world's 
great industries. 

But if instead of separating the caustic soda and chlorine from 
each other in this process they are allowed to recombine, we have 
a complicated series of reactions, resulting in the formation of various 
products dependent on the concentration of the liquid and its temper- 
ature. The principal product under ordinary conditions is sodium 
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hypochlorite, variously named chlorinated soda, chloride of soda, and, 
in pharmacy, Labarraque's solution. A corresponding and entirely 
analogous compound is the so-called chloride of lime or bleaching 
powder, in which lime takes the place of soda. 

This, then, is the substance, sodium hypochlorite, with which we 
have to deal in the method of electrical purification which depends 
on the electrolysis of a solution of salt or sea water. When the cur- 
rent of electricity has, in the manner above described, formed a suffi- 
ciently concentrated solution of sodium hypochlorite, this solution is 
mixed with the sewage or water to be purified. 

I would remark, first, that there is nothing new in the application 
of electricity to produce the hypochlorites, except so far as the intro- 
duction of the modern dynamo enables us to generate electricity at 
a much less cost than formerly, and consequently to use it economic- 
ally in industrial chemical operations. Second, there, is nothing new 
in the use of sodium hypochlorite as a disinfectant, deodorizer, and 
germicide.. In the very valuable report on disinfectants published by 
the American Public Health Association in 1888, the hypochlorites 
were shown, experimentally, to be among the most effective of all 
disinfectants in their action ; i per cent, of a solution of sodium hypo- 
chlorite, containing 6 per cent, of available chlorine, destroyed the 
" bacillus anthracis " in two hours ; 2 per cent, of this solution was 
effective in thirty minutes. 

Of the corresponding lime salt, or bleaching powder, the commit- 
tee reported that a solution of this substance containing 25 per cent. 
of available chlorine was effective in a i per cent, solution in one or 
two minutes, and that a solution of one fourth of this strength would 
kill "bacillus anthracis*' and "bacillus subtilis '* in two hours. The 
two hypochlorites of sodium and calcium were thus shown to be 
equally efficacious, the activity depending on the amount of hypo- 
chlorous acid present, or, in other words, of available chlorine. 

The so-called electrical purification of water by treating it with an 
electrolyzed solution of salt is thus seen to be simply a process of 
disinfection by sodium hypochlorite ; electricity, as such, has nothing 
to do with it. There is nothing peculiar in the sodium hypochlorite 
produced by electrolysis ; it has no different properties from that 
made by the ordinary process of passing chlorine into a solution of 
caustic soda. That other compounds are formed in small amounts 
by the action of chlorine on caustic soda is true, but it has not been 
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shown, nor is it probable that any one of them has as potent germi- 
cidal and oxidizing power as the hypochlorite. 

Ozone is generally supposed to cover a multitude of sins of pollu- 
tion and quietly to destroy them ; but we do not know much, if any- 
thing, about its germicidal power, and there is certainly no good rea- 
son for attributing any of the disinfecting action of an electrolyzed 
salt solution to ozone, even did we certainly know it to be present. 

It is unfortunate, I think, that the advocates of this system of puri- 
fication of water and sewage are not content to attribute the purifying 
action of the electrolyzed solution of salt solely to the hypochlorite 
formed. There is nothing gained scientifically by calling it «< electro- 
zone" or an "electro-saline solution,*' for there is nothing mysterious 
about its action, as these terms would lead one to suppose. Nor is it 
proper to speak of this system of purification in any sense as an elec- 
trical one. If one were to purchase two bottles of sodium hypochlo- 
rite of identically the same composition, one prepared by a chemical 
process and the other by the electrolysis of a salt solution, he would 
not expect to find them called by different names. To call the latter 
an " electrical disinfectant " would be simply fantastic. 

Finally, is it desirable in any case to treat a city's water supply 
with a powerful disinfectant like the hypochlorites } When the ques- 
tion is put in this bald form I cannot think it will receive the approval 
of engineers and sanitarians. Leaving out of consideration the diffi- 
culties and cost of disinfecting effectively and uniformly the water 
supply of a large city, the idea itself of chemical disinfection is repel- 
lent. Every city should jealously guard its water supply. It is a sin 
against decency and good morals to permit the pollution of drinking 
water by sewage and house drainage. It is a still greater wrong, not 
to say a foolish blunder, to permit the open pollution of its drinking 
water streams and then systematically to disinfect them. 

In cases where a water supply has got into such a hopelessly bad 
condition that nothing will render it safe but disinfection by chloride 
of soda or chloride of lime, it is high time, I think, to abandon the 
supply, and in this opinion I feel sure most waterworks engineers 
will coincide. 
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ON THE DETERMINATION OF NITRATES IN POTA- 
BLE WATER BY THE PHENOLSULPHONIC ACID 
PROCESS, 

By AUGUSTUS H. GILL, Ph.D. 
Received Febnuury a8, i894- 

Recent criticisms of the phenolsulphonic acid process for the 
determination of nitrates in water show that the conditions for its 
successful working have not been fully understood, and that all the 
sources of error which may arise in the treatment of natural waters 
and sewage effluents by this process have not been known.^ 

The process is so very simple and its execution requires so little 
time that it seemed worth while to give it further systematic study in 
order, if possible, to determine all the conditions of its successful use. 

The investigation was conducted with reference to the following 
points : 

L Acids. 

a. Various acids. 

b* Method of treatment. 

c. Quantity of acid used. 

II. Evaporation. 

d. Effect of sodium carbonate. 

e. Temperature at which it is carried on. 
/. Quantity evaporated. 

g. Effect of chlorine. 

III. Comparison with Standards. 

The preparation of the phenolsulphonic acid is a matter of first 
importance, and for which, strange to say, no one has ever given defi- 



'This process originated with Sprengel, Poggendorff*s Annalen, zai, 188, and appar- 
enUy fell into disuse until again brought to notice by Grandval and Lajoux, Comptes 
rendus, zoz, 62. Since then articles upon it have appeared by Fox, Technology Quar- 
terly, z, i; Johnson, Chemical News, 6z, 15; Lindo, Chemical News, 58, i, 15, 28; Smith, 
Analyst, zo, 197 ; Bartram, Journal of the Franklin Institute, March 17, 1891 ; and Hazen 
and Clark, Journal of Analytical and Applied Chemistry, 5, i. 
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nite directions. Kekul6^ found when phenol and sulphuric acid were 
mixed, according to the temperature, varying amounts of ortho and 
para phenol monosulphonic acids were formed. As these could not 
fail to influence the action upon the dry-water residue, an acid of 
perfectly definite composition — the pure disulphonic acid CgHgOH 
(SOgH)^, probably OH : SOgH : SOgH = 1:2:4, which with nitric 
acid gives picric acid even in the cold^ — has been mostly used in 
these experiments. 

This is prepared as follows : Three grams of phenol of good quality 
and thirty-seven grams of pure sulphuric acid sp. gr. 1.84 (Kahlbaum's 
synthetic phenol and Baker and Adamson's " Strictly Pure '* sulphuric 
acid were usually employed) are mixed in a flask and heated for six 
hours /«, not upon^ a water bath to 100°. 

To determine the number of sulphonic groups, a portion of this 
mixture was neutralized with barium carbonate, lixiviated with water, 
filtered, the filtrate evaporated and the barium salt recrystallized, giv- 
ing handsome orthorhombic prisms. A determination of barium in 
this gave 35.16 per cent, the theory requiring 35.22 per cent. A de- 
termination of water of crystallization gave 15.66 per cent., theory, 
15.62 per cent. H^O. The acid as thus prepared may crystallize out 
upon standing, it being rather insoluble in the strong sulphuric acid, in 
which it forms supersaturated solutions. It may be brought into solu- 
tion by reheating a short time, or by dilution with a small quantity of 
water; the undiluted acid has always been used. 

The experiments were performed as follows : Two solutions were 
employed, one containing, in i cc, o. 1000 part of nitrogen per 
100,000 as potassium nitrate ; the other, in addition to this, seven 
parts chlorine as sodium chloride per 100,000. Of these, portions 
of I cc. each were measured out and diluted to 5 and 10 cc. with 
distilled water and evaporated in porcelain dishes. ^ 

The 2^-inch evaporator containing the water residue was moist- 
ened with ten drops — 0.7 cc. — of the phenolsulphonic acid, and by 
rubbing with a short glass rod every part of the residue covered with 
it ; 7 cc. of water are now added — measured in later experiments 
by a Vanier * overflow pipette — the solution stirred, and 3 cc. am- 



* Zeitschrift fiir Chemie, lo, 199. 
*Kckul^, Lchrbuch, III, 236. 

' A convenient way of marking these dishes is to remove a small patch of the glaze upon 
the outside of the dish by glass etching ink, leaving a rough surface for the lead pencil. 
^Journal of Analytical and Applied Chemistry, a, 145. 
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monium hydrate, measured in like manner, added, the solution again 
stirred to insure uniformity, and the rods removed. In many cases 
the colors could be compared directly in the dishes, but in case of 
doubt the comparison took place in tubes about i| inches deep and 
^ inch in diameter. 

Each determination is the average of at least two closely agreeing 
determinations. 

All results are stated in parts per 100,000. 

I. ACIDS. 

{a) VARIOUS ACIDS. 

Kqual parts of phenol and solphuric \ The colors obtained were brown and an accurate 
acids. matching was impossible. 

Unknown mixture of ortho and para sulphonic ) The colors obtained were fairly good, 
acids from 5 per cent, solution of phenol. ) but in some cases were reddish tinted. 

Pure ortho phenol mono- ) This gave a precipitate with the ammonia, and the colors were 
sulphonic acid.' ( all bluish-green tinted. 

Pure disulphonic acid, ) The colors obtained were a pure yellow and did not change upon 
7^ per cent, solution. ) standing. This, therefore, gives the best results. 

ip) METHOD OF TREATMENT. 

At 100°. — SprengeP states that the residue should be nearly at 
100° when treated. Experiments performed by treating the residues 
upon the steam bath with the cold acid and also with the acid at 100*^ 
gave no better results than those obtained in the ordinary way. 

AtO°, — Treatment of the chilled residues upon ice with ice-cold 
acid gave decidedly lower results than those obtained in the usual 
manner, the nitration probably not going as far. 

Addition of substances, — The addition of phenol or phenolsulphonic 
acid to the water before evaporation is of no advantage whatever. 

{CJ QUANTITY OF ACID USED. 

If chlorine be absent, or in small quantity, the amount of acid used 
makes very little difference. Enough should be used to cover the resi- 
due readily, usually ten drops = 0.7 cc. is sufficient. F*or example. 



' Prepared by the cold evaporation in vacuo of the officinal solution of Merck's ** Asep- 
tofand subsequent solution in sulphuric acid. 
' PoggendorfTs Annalen, zaz, 188. 
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with equal quantities of the same nitrate solution which should have 
given a reading of o.iooo, the following results were obtained : 

TABLE I. 
Showing the effect of the quantity of acid used. 

Without Chlorine. With Chlorine, seven parts. 

10 drops acid. 6 drops. 10 drops acid. 6 drops. 

0.0925 0.0900 0.0750 0.0700 

It is evident, then, that the use of too little acid causes the loss 
of nitric acid. 

II. EVAPORATION. 

It is well known that certain salts in solution undergo decomposi- 
tion when boiled. Fittig^ found this to be true of ammonium chlo- 
ride ; Debbits,^ of several acetates with loss of acetic acid, and with 
the nitrate, sulphate, acetate, and oxalate of ammonium with loss of 
the respective acids. Leeds® and Fox* have shown that nitrates are 
volatile at ioo° and even lower temperatures. 

In order to ascertain what the influence of the evaporation really 
was, the following experiment was tried : 

An intimate mixture of dry, finely powdered potassium sulphate 
and nitrate was made by grinding them together in an agate mortar 
for several hours. Sixteen portions of lOO milligrams each were ac- 
curately weighed out, each containing about 0.072 milligram of potas- 
sium nitrate. Twelve portions were dissolved each in 10 cc. of water; 
four of these evaporated at 100°, four at 65**, and the remaining four 
at 20° over sulphuric acid. 

TABLE II. 
Showing loss of nitrate by evaporation at various temperatures. 

Dry. aoo. 65°. loo®. 

I 0.1000 00890 0.0900 

II 0.1050 0.1000 0.1080 0.1160. 

The readings varied among themselves by 0.0200 and hence were 
averaged. 



* Annalen der Chemie und Pharmacie, xa8, 189. 

' Berichte der deutschen chemischen Gesellschaft, 5, 82a 
' American Journal of Science (3), 7, 197. 

* Technology Quarterly, i, i. 
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To obviate this variation, sixteen portions of i cc. each of a nitrate 
solution were measured out, 9 cc. of water added, and all allowed to 
evaporate over sulphuric acid at a temperature of 20°. Ten cc. of 
water were added to each one of twelve of these, and four evaporated 
at 20°, four at 65°, and four at 100° ; this gave a series in which ex- 
actly the same amount of nitrate in every case was spread uniformly 
over the dishes and had been subjected to these various temperatures. 

TABLE III. 
Showing loss of nitrate by evaporation at various temperatures. 

Dry. 20°. 65^. 100®. 

aiOOO 0.0990 0.0965 0.0990 

These results indicate that there is a loss of about i per cent, when 
the water is allowed to evaporate at ordinary temperatures over sulphu- 
ric acid, or in a steam bath where it evaporates rapidly and is immedi- 
ately removed; at 65°, where the evaporation is slower and the time of 
exposure to heat consequently lengthened, the loss is greater, in this 
case about 3^ per cent. 

(d) EFFECT OF SODIUM CARBONATE. 

With a view of fixing the nitric acid, and thus diminishing the loss 
by evaporation, it has been suggested that carbonate of sodium be 
added to the water before evaporation ; as carbon dioxide is given ofiF 
upon treatment with acid, it is possible that this carries off with.it 
a slight quantity of nitric acid. Ten J)ortions each of nitrate solution, 
the reading of which should have been o.iooo, were evaporated; the 
average reading was 0.0970, with the addition of soda, 0.0973. Ten 
portions each of the saipe solution, containing in addition seven parts 
chlorine per 100,000, when similarly treated gave 0.0821, with the 
addition of soda, 0.0812. 

The avidity of acetic acid being much less than that of nitric acid, 
added to the fact that it was non-volatile at the temperatures employed, 
led to the suggestion that some of its salts be employed as a substitute 
for the sodium carbonate. Sodium acetate when added to the water 
gave rather lower results than those obtained when it was not used. 

(e) TEMPERATURE AT WHICH EVAPORATION IS CARRIED ON. 

The accompanying table shows clearly the effect of temperature 
upon the determination. 
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The solutions should have aU read o. looo part nitrogen as potas- 
sium nitrate per 100,000, they were all treated with carbonate of 
sodium, and each fig^e represents the mean of two closely agreeing 
determinations. 

TABLE IV. 
Effect of temperature. Pure nitre solutkm. 

Qnaotitjr evapontedL 
Temp. t oc 5 cc 10 gc 

lOOP 0.0925 0.0920 0.0920 

65^ 0.0890 0.0890 0.0880 

20^ 0.1050 0.0980 0.1000 

Nitre solution with 7.0 parts chlorine. 

Qmuitity evaporatCQ. 
Temp. I oc. 5 oc 10 oc 

100^ 0.0680 0.0700 00600 

65° 0.0650 0.0650 0.0680 

W 0.0935 0.0920 aOTOO 

It is evident that there is a decided loss of nitrate when evapo- 
ration takes place at 65^ (the temperature which water assumes in 
a porcelain dish when upon the top of a water bath) over that lost at 
100®, and here even over that lost at 20°. With chlorine this is even 
more perceptible ; the reason for the increased loss at 65° is probably, 
as already stated, that the time of exposure at this temperature is 
longer. 

It is important, however, that the dishes be removed as soon as 
dry, as the subsequent exposure causes loss of nitrate. 

TABLE v. 

Effect of heat upon the dry residue. 

Water contained 0.1000 part N as N2O6, 7.0 part CI. 

Quantity evaporated, 
f cc. 5 cc. 10 cc. 

Removed at once 0.0750 0.0710 0.0740 

Exposed half an hour at 65"^ . . 0.0700 0.0625 00690 

(/) QUANTITY OF SOLUTION EVAPORATED. 

The quantity of solution evaporated seems to exercise but slight 
influence upon the results, although the smaller it is the less the loss ; 
this is evident from all three of the preceding tables. 
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{g) EFFECT OF CHLORINE. 

The presence of large quantities of chlorides in the water does 
unquestionably lower the results. If the process be conducted in the 
usual way, by the evaporation of lo cc. at ioo° it shows, in Table IV, 
a loss of from 30 to 40 per cent, of nitrogen as nitrate. If a smaller 
quantity, 5 cc, or even i cc, be used, and the evaporation be carried 
on at 20° over sulphuric acid, this loss is reduced to 6 or 7 per cent., 
and of this probably one half is due to unavoidable errors in matching 
the colors. 

If the chlorine amounts to but 2.0 parts per 100,000, which is 
perhaps high in waters of doubtful character, it exercises practically 
no influence. 

TABLE VI. 
Effect of 2 parts of chlorine (as NaCl) per 100,000. Readings should be 0.1000. 

I cc. lo cc. 

100® 0.0900 0.0900 (average of five determinations.) 

65® 0.0900 0.1000 

W 0.0975 0.1050 

III. COMPARISON WITH STANDARDS. 

The yellow color of the picrate solution when as high as o. looo is 
extremely hard to match accurately ; the tints must be read off at once 
^without any delay, as the difficulty increases with the time spent in 
comparison. It is well after reading perhaps a dozen to rest the eyes 
by looking intently at a piece of blue paper. 

As a result of a long series of experiments upon three different 
people — all experts in the comparison — it was found that the error 
of reading colors up to 0.0500 part N as NjOg was 0.0020 or 0.0030 ; 
up to o.iooo part N as NjOg was 0.0050. 

No advantage was gained by the use of colored glasses, or, when 
the colorimeters were used, of colored papers underneath them. 

The process does not, as stated by Grandval and Lajoux,^ and also 
in Graham-Otto,2 estimate the nitrogen present as nitrites; this is 
clearly impossible, as the action of nitrous acid upon phenolsulphonic 
acid results in the formation of nitrosophenol, CgH^gg* which is color- 
less in dilute solutions. This view was supported by an experiment 



' Comptes rendus, zoz, 62. 

'Lehrbuch der anorganischen Chemie, a, Part i, 2(xx 
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with pure sodium nitrite prepared from pure silver nitrite, in which 
no color whatever was obtained upon treatment with the phenoisuU 
phonic acid. 

The results of this paper may be summarized as follows : 

The most satisfactory manner of execution is — in the case of a 
water high in nitrates — to use that quantity which will give a read- 
ing of about 0.0700 when i or 2 cc. are employed ; in the case of 
ground water 10 cc. of a portion which has been decolorized by the 
use of alumina in the cold is evaporated upon the water bath, the dish 
being placed in the steam and removed as soon as dryy or, better, when 
a drop is still remaining. In case the chlorine be high, which often 
accompanies high nitrates, this evaporation had best take place in 
vacuo over sulphuric acid, and the chlorine, if it exceeds 7.0 parts per 
100,000, removed by silver sulphate which has been proved to be free 
from nitrate.^ 

In case i or 2 cc. of the water is used, the 0.7 cc. of acid used is 
sufficient to cover the residue completely. 

The error of reading up to 0.0500 is 0.0020 or 0.0030, 4 to 6 
percent.; up to o.iooo is 0.0040 or 0.0050, 4 to 5 per cent. ; but 
the process as here described is more trustworthy, delicate, and accu- 
rate than any process yet published. 

For easy comparison 0.720 gram KNOg can be dissolved in one 
liter of water, 10 cc. of this allowed to evaporate in vacuo, treated 
with acid, made up to a liter, and portions as wanted, made alkaline 
with ammonia; of this solution 10 cc. =.0.1000 part nitrogen as 
potassium nitrate per 100,000. 

Massachusetts Institute of Technology, 
Boston, Mass. 



' Silver sulphate marked '* C. P." from a well-known German source contained enough 
nitrate to vitiate all results. 
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THE EFFECT OF HEAT UPON THE DIGESTIBILITY 

OF GLUTEN. 

By ELLEN H. RICHARDS, A.M., S.B., and ELIZABETH MASON, A.B. 

Received April 30, 1894. 

The following short series of experiments was suggested by the 
statement of A. Stutzer, in an article on the digestibility of albu- 
minoids,^ that cooking lessened the digestibility of vegetable albumi- 
noids. A "purified gluten," prepared by the New York Health Food 
Company and containing 9.05 per cent, of nitrogen, was the sub- 
stance selected for the experiments, which were carried on in the 
following way : 

An artificial gastric juice was first prepared with five grams of pep- 
sin (marked A) and two tenths of i per cent, of hydrochloric acid to a 
liter of water. This solution was used in the proportion of one hun- 
dred cubic centimeters to every gram of the material to be digested. 

Flasks containing the mixture were tightly corked to prevent loss 
by evaporation and allowed to remain for four hours in a water bath 
kept at blood heat. They were frequently shaken to insure as com- 
plete action as possible, and at the end of that time the solution was 
filtered and ten cubic centimeters of the filtrate subjected to the 
Kjeldahl process for the determination of nitrogen. 

Fresh samples of gluten were next treated in a similar way with 
^water containing two tenths of i per cent, of hydrochloric acid, in 
order to compare the action of acidulated water with that of acid 
solution of pepsin. The latter was found to be the more effective, as 
it dissolved nearly 7 per cent, of nitrogen, while the former dissolved 
but 5. 

Further experiments also showed that fifteen minutes* digestion 
gave as satisfactory results with this pepsin solution as four hours*. 



 In abstract in Vierteljahresschrift der Chemie der Nahrungs-u.<jenussmittel, 1891, p. 87. 
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A second sample of pepsin (marked B) was soluble in acidulated water, 
and proved to be more active than the first. A solution containing 
J gram per liter dissolved 8 per cent, of nitrogen in the same 
time that 5 grams per liter of sample A dissolved 7 per cent. 

Wafers were then made of gluten and cream, baked till brown, 
ground to a fine meal, and portions of the meal were subjected to 
artificial digestion for fifteen and thirty minutes, and four hours, re- 
spectively. The longest treatment failed to dissolve as large a propor- 
tion of nitrogen as had been obtained from the raw material in fifteen 
minutes. 

Lastly a gruel was made by taking one gram of gluten, mixing it 
with .five cubic centimeters of cold water, adding fifty cubic centi- 
meters of boiling water, and allowing the whole to simmer for half an 
hour. Acid solution of pepsin was then added and the gruel allowed 
to digest in the same flask for fifteen minutes. 

Similar experiments were then made in which the time of diges- 
tion was prolonged to thirty minutes and four hours, respectively. 
From these it was found that, although in four hours nearly all the 
available nitrogen was dissolved, in fifteen minutes only five eighths 
of that amount was made available. 

The accompanying tables give the results obtained, all tending to 
confirm Stutzer's statement as to the effect of heat on the digesti- 
bility of the vegetable albuminoids. 

Purified Gluten. Raw Material. 

Total nitrogen 9.05 per cent. 

Moisture 9.42 per cent. 



KFFECI' OF TREATMENT WITH HYDROCHLORIC ACID AND PEPSIN. 



Sdution used. 


Tirae of treatment. 


Per cent, of nitrogen dissolved 


Acidulated pepsin "A," 5 grams to 
the liter 


4 hours. 

15 minutes. 

15 minutes. 
4 hours. 


6.91 


Acidulated pepsin "A," 5 grams to 
the liter 


6.95 


1 

Acidulated pepsin ''B," | gram to 
the liter 


8.00 


Dilute hydrochloric acid .... 


4.64 
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GLUTEN COOKED. 

Wafers, 

Total nitrogen, 7.28 per cent. 



Solution used. 


Time of treatment. 


Per cent, of nitrogen dissolved. 


Acidulated pepsin "B," \ gram to 
the liter 


15 minutes. 
30 minutes. 
4 hours. 


2.98 


Acidulated pepsin "B,** \ gram to 
the liter 


4.23 


Acidulated pepsin **B," \ gram to 
the liter 


5.63 







Gruel. 



Solution used. 



Time of treatment. 



Per cent, of nitrogen dissolved. 



Acidulated pepsin **B," \ gram to 
the liter 

Acidulated jscpsin **B," J gram to 
the liter 

Acidulated pepsin ** B,*' \ gram to 
the liter 



15 minutes. 



30 minutes. 



4 hours. 



5.05 



6.22 



8.06 
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A PROPOSED FORMULA FOR WHITE PINE POSTS. 

By JAMES H. STANWOOD, S.B. 
Received May S4, 1894. 

An article by the present writer, entitled " A Proposed New For- 
mula for Yellow Pine Posts," appeared in the Technology Quarterly for 
April-July, 1892, Volume V, page 104. It was a straight-line formula 
of the form 

.9=4,250 — 43J I 

representing the average of the lowest breaking values of a series of 
tests made on full size sticks at the Watertown Arsenal. The work- 
ing formula 



J- = 1,000 — 10 i. 

a 



was recommended, 



s =s allowable stress per square inch. 
/ s: length of piece in inches. 
d = smaller diameter in inches. 

assuming the factor of safety of 4^, approximate. 

The object of the present article is to bring to notice a similar 
formula for White Pine Posts, As in the former case, the tests were 
made at the Watertown Arsenal on full sise sticks, and each test has 
been plotted with the breaking load in pounds per square inch for the 
ordinate, and the ratio of / to d for the abscissa, as shown in the cut. 
An average line for the lowest breaking loads in each set of tests 
has been drawn whose equation is 

.9=3,150 — 40£ 

d 
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Using the factor of safety of 4, we may write 

Of course, any other factor of safety may be used^ and if the 
formula of the style 

s ^£— 

is preferred, we may use for breaking loads 

^_ 3,200 



1 P_ 
1 + 1.200 </» 



-which gives very nearly the same results as the simpler form above. 

Considerable search has been made for tests on full size posts of 
oak and spruce, but without success. Judging from the tests on small- 
size specimens made at Watertown Arsenal for the Tenth Census,^ 
and also from the results of tests on large-size beams ^ made by Pro- 
fessor Lanza and noted in his " Applied Mechanics," we may assume, 
in the absence of other information, that yellow pine and white oak 
have about the same value, and that white pine and spruce also are 
nearly equal in strength, as posts. 

The following is recommended for the allowable stresses per 
square inch : 

Yellow pine or white oak / := 1,000 — 10 — 

d 

^th a factor of safety of 4^^ 

White pine or spruce / = 800 — 10— 

d 

with a factor of safety of 4. 



Yellow pine. 



White oak. 



White pine. 



Spruce. 



* Average value of tests in pounds per sq. inch, 

* Average value of tests in pounds per sq. inch. 



7,000 
7,300 



7,100 
6,100 



5,000 
4,800 



4,900 
4,900 
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The tables herewith have been computed from the above formulas 
-and may be found useful for reference. Since writing the above, some 
tests on full size spruce posts have been made on the new Emery 
Testing Machine, by Professors Lanza and Miller, and the results 
agree very closely with the above recommended formula. 
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CRYOSCOPIC EXPERIMENTS WITH THE ALUMINATES 
AND BORA TES OF THE ALKALI METALS. 

By a. a. NOYES, Ph.D^ and W. R. WHITNEY, S.B. 
* Received May sS, 1894. 

It is the purpose of this article to present the results of some 
experiments made with the view of determining the composition of 
the above mentioned salts in solution by means of the freezing point 
method. We will first describe the experiments with the aluminates. 

It has already been established by the researches of Qavazzi ^ that, 
when metallic aluminum dissolves in sodium or potassium hydrate 
solution, one atom of aluminum is dissolved for every molecule of 
the alkali present, indicating that the compound formed contains the 
same number of atoms of the elements aluminum and sodium or potas- 
sium. Moreover, Prescott^ found by titrating a solution of an alumi- 
num salt with potassium or sodium hydrate solution, that the precipi- 
tate first formed went into solution upon the addition of one molecule 
of the alkali for each molecule of aluminum hydrate (AlOgHg) precipi- 
tated. And finally, Lyte* has shown that when a solution of alumi- 
num sulphate is added to one of sodium aluminate the relative weights 
of the two substances required to precipitate each other correspond 
nearly to the molecular ratio 

Als(S04)8 : SNasAlsOi. 

There is therefore no doubt as to the atomic proportions of the 
elements in the aluminates, but there is no evidence to show that 
the correct formula may not be a multiple or sub-multiple of that com- 
monly adopted, NajAl^O^. This can be decided, however, with the 
help of the recent methods of determining molecular weights in solu- 
tion ; for example, if aluminum is dissolved in sodium hydrate solution 



' Gazzetta chimimica italiana, 15, 205. 

' Journal of the American Chemical Society, 9, 27. 

' Chemical News, 51, 109. 
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with the formation of the compound Na3Al204, there would result in 
place of two molecules of sodium hydrate one of Na^Al^O^ ; or, more 
correctly, taking into account the electrolytic dissociation, in place of 
four molecules, 2Na and 2 (OH), there would be formed three, 2Na and 
AI2O4 ; and in a similar way for any higher multiple of NaAlOj there 
would be a still greater reduction in the number of molecules. If, 
however, the molecular composition is NaAlO^ itself, there would evi- 
dently be no change in the number of molecules. 

The most convenient method in this case, and the one we employed 
for determining the relative numbers of molecules, is that dependent 
on the change of freezing point of solutions. Experiments were made 
with both sodium and potassium hydrates at different dilutions and 
with varying proportions of aluminum. Standardized solutions of the 
alkaline hydrates were prepared from samples purified by alcohol, and 
weighed portions of aluminum foil were dissolved in them. The freez- 
ing points of these solutions were determined with the ordinary Beck- 
mann apparatus. The following table contains the results : 





Solution. 


Freezing point. 


1 


^ KOH (concentration, 0.227 normal) 

KOH + J Al 

KOH 4- 4 Al 


— 0.790^ 
0.795 
0.785 




KOH + Al 


0.790 








2 


KOH (concentration, 0.465 normal) 

KOH 4- i Al 


— 1.660 
1.660 




KOH 4-lAl 


1.665 




KOH -h f Al 


1.665 


3 


NaOH (concentration, 0.511 normal) 

NaOH 4-IAl 


— 1.715 
1.715 




NaOH -4- Al 


1.700 








4 


KOH (concentration, a233 normal) 

KOH 4- 4 AlO^Hi 


— 0.830 
0.830 









T2 A, A. Noyes and W, R, Whitney. 

An examination of the above table shows that the freezing point 
of the alkali solutions is not appreciably changed by dissolving alumi- 
num in them, even to saturation. The composition of the aluminate 
in solution is, therefore, MAIO2, or a hydrate of this, as MHjAlOg, 
and the aluminum in it is trivalent, not quadrivalent. 

The solution measured in the last experiment of the table was 
prepared by saturating potassium hydrate solution with washed, freshly 
precipitated aluminum hydrate. As in the case where metallic alumi- 
num was dissolved, the freezing point of the alkali solution was un- 
affected. A determination of the aluminum dissolved in it showed 
that only one half as many molecules of aluminum hydrate AlOgHg 
were dissolved as there were molecules of sodium hydrate in the 
solution, instead of an equal number, as in the case of the metallic 
aluminum and in the case of Prescott's experiments with aluminum 
hydrate. This result was confirmed by several experiments made 
at different temperatures, and indicates that the aluminum hydrate 
luidergoes some change affecting its solubility, perhaps a dehydra- 
tion, in the process of washing. 

Experiments with the Borates, — The existence of variously consti- 
tuted salts of boric acid makes their investigation by the cryoscopic 
method of especial interest. A single determination has been made 
in the case of borax by Raoult,^ who found the molecular lowering to 
be unusually large {^&^), and concluded from it that it is decomposed 
by water into sodium hydrate and an acid borate ; but Shields ^ has 
since shown that borax, even in .03 molecular solution, is less than 
I per cent, hydrolyzed, so that this explanation is incorrect. We have, 
as in the experiments with aluminum, dissolved different weighed quan- 
tities of recrystallized boric acid in solutions of the alkalies and have 
taken the freezing points. The results are contained in the following 
table. 



* Annales de chinile et de physique (6), 2, 83; 4, 420. 
*Zeitschrift fiir physikalische Chemie, xa, 176. 
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Solution. 


Freezing point. 


1 


• 

KOH (concentration, 0.233 normal) 

kOH -4- \ HsBOs 


— 0.812° 
0.797 




KOH + \ HaBOa 


0.769 




KOH 4- HsBOs 


0.792 








2 


KOH (concentration, (X465 normal) 

KOH 4- \ HaBOa 


— 1.660 
1.625 




t 
KOH 4- HaBOa 


1.505 




KOH 4- 2HaBOa 


1.200 




KOH 4- 2.5 HaBOa 


1.210 




KOH + 2.5-3 HgBOs (saturated) 


1.220 


3 


NaOH (concentration, 0.511 normal) 

NaOH 4- HaBOa 


— 1.760 
1.540 








4 


NH4OH (concentration, a391 normal) 

NH4OH 4- HaBOa 


— 0.740 
1.010 




NH4OH 4- 1.5HaBOa 


1.040 




NH4OH 4- 2H8B08 


1.050 









We will consider first the experiments with potassium and sodium 
hydrates. In the case of the first series of experiments with the 
vreaker solution of potassium hydrate, the addition of boric acid, even 
of an equal molecular quantity, had hardly an appreciable effect on 
the freezing point. The stronger solutions of potassium and sodium 
hydrates showed, with the same proportion of boric acid, a distinct rise 
in the freezing point, though not a very considerable one. We must 
then conclude that the number of molecules has not been much 
changed by the addition of this quantity of boric acid, and that 
therefore the composition of the borate in this solution is chiefly 
MBO2 or MH2BO3. Yet the rise observed in the case of the 
stronger solution . corresponds to a not inconsiderable proportion of 
a more complex borate. 
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The addition of the second molecule of boric acid, however (se- 
ries 2), caused the freezing point to rise to about three fourths of its 
value in the case of pure potassium hydrate solution, indicating that 
the number of molecules has decreased in the same proportion. It is 
evident that, if the second molecule of boric acid remained uncombined 
in the solution, an increased lowering would have been the result. If 
it had simply added itself to the molecule of borate already present, 
there would have been no change whatever in the freezing point. The 
significance of this rise in freezing point then is, that this second boric 
acid molecule has caused the molecules originally present to associate, 
and has added itself to the aggregate thus formed. Furthermore, the 
complex molecule so produced must contain four boric atoms ; for sup- 
pose two molecules of the original monoborate united with one of boric 
acid, then there would be left one molecule of uncombined boric acid 
whose presence would just compensate the reduction in the number of 
molecules arising from the assumed union, and only if this molecule 
of boric acid forms a part of the complex molecule can the freezing 
point rise. Moreover, the amount of the rise corresponding to the 
formation of this tetraborate is easily deduced from the following 
considerations — two molecules of potassium hydrate in solution give 
rise to four molecules by reason of the electrolytic dissociation ; the 
tetraborate, on the other hand, would dissociate into three molecules, 
the two potassium ions and the acid ion of the tetraboric acid, corre- 
sponding to the reduction of three fourths actually observed in the 
lowering of the freezing point. 

The addition of more than two molecules of boric acid, as shown 
by the table, had no further effect on the freezing point This 
boric acid has, therefore, added itself to the tetraboric ion, producing 
still more complex molecules, whose composition, however, is not 
determined. 

It is interesting to note that these results are in accordance with 
the thermo-chemical measurements of Thomsen^ reproduced here: 

(NaOHAq, HsBOjAq) = lOOK 
(NaOHAq, ZHgBOgAq) = lllK 
(NaOHAq, 4HsB08Aq) = 129K 
(NaOHAq, eHjBOsAq) = 136K. 

The fact that the evolution of heat does not cease when one 



' Thermochemische Untersuchungen, z, 206. 
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molecule of boric acid has been added, corresponds to the formation 
of the more complex molecules shown to exist by the freezing point 
determinations. 

We have still to refer to the experiments with ammonia. This 
being a very slightly dissociated base, the lowering of the freezing 
point would be nearly doubled for one molecule of acid added, if the 
acid remained uncombined or if ammonium monoborate were formed. 
In fact, however, the lowering was increased only one third, showing 
that a more complex borate was formed. Since the phenomenon is 
in this case no doubt complicated by hydrolysis, which must be here 
much more considerable than with the stronger bases, it is useless 
to attempt to draw a more definite conclusion in regard to its con- 
stitution. 

The above results may be briefly summarized as follows : The 
aluminates of the alkalies in solution have the composition MAIO^ 
or a hydrate of this. The borates have a corresponding composition 
as long as the number of molecules of boric acid does not exceed that 
of the molecules of the alkaline hydrate. The composition of the 
salt formed when two molecules of acid are present is MgB^O^ (or 
its hydrate). Subsequent molecules of boric acid add themselves di- 
rectly to the tetraboric acid ion already present, with formation of a 
di-sodium or potassium salt of a still more complex boric acid. 
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THIRTY-SECOND VeAR, 1893-94. 



Thursday, April 12, 1894. 

The 45 7th meeting of the Society of Arts was held at the 
Institute this day at 8 p.m., President Walker in the chair. 

The records of the previous meeting were read and approved. 

The following papers were read by title : 

"Moment of Inertia of Solid of Revolution," by Albert F. 
Hall, S.B. 

"Electrical Purification of Water," by Thomas M. Drown, M.D. 

The President then introduced Prof. Edward S. Morse, of Salem, 
who gave an account of " A New Method of Printing in Color by a 
Photo-Mechanical Process." Specimens of " coloritypes " were shown, 
also prints from each of the three blocks used in the process. At. the 
conclusion of Professor Morse's address, Mr. S. R. Koehler, of the 
Museum of Fine Arts, made some remarks on the theory of the proc- 
ess and on the general subject of printing in color. 

The thanks of the Society were voted to Professor Morse, and the 
meeting adjourned. 
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Thursday, April 26, 1894. 

The 458th meeting of the Society of Arts was held at the 
Institute this day at 8 p.m., Prof. C. H. Peabody in the chair. 

The records of the previous meeting were read and approved. 
The following papers were read by title : 

" On the Determination of Nitrates in Potable Water," by Augus-^ 
tus H. Gill, Ph.D. 

"Effect of Heat upon the Digestibility of Gluten," by E. H. Rich- 
ards and Elizabeth Mason. 

Voted, that the President be authorized to appoint a committee of 
five to nominate officers for the ensuing year. 

The Chairman then introduced Major W. R. Livermore, United 
States Engineers, who read a paper on the " Development of Strategy 
and Grand Tactics in Bonaparte's First Campaign." The paper was 
illustrated with the lantern. At its close the thanks of the Society 
were voted to Major Livermore for his very interesting paper, and the 
meeting adjourned. 



Monday, April 30, 1894. 

The 459th meeting of the Society of Arts was held in the 
Walker Building of the Institute this day at 8 p.m., Mr. G. W. Blodgett 
in the chair. 

The records of the previous meeting were read and approved. 

The Chairman introduced Mr. Alexander Jay Wurts, of the West- 
inghouse Electric and Manufacturing Co., who read a paper on " Non- 
Arcing Lightning Arresters," with special reference to the protection 
of street railway circuits. Experiments were made in illustration of 
the principles involved, and new forms of apparatus were shown \rt 
action. The paper is printed in full in the present number of the 
Quarterly. The thanks of the Society were voted to Mr. Wurts, and 
the meeting adjourned. 



Thursday, May 10, 1894. 

The 460th and 3 2d annual meeting of the Society of Arts was 
held at the Institute this day at 8 p.m., President Walker in the chair. 
The records of the previous meeting were read and approved. 
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The Chairman of the Nominating Committee reported the fol- 
lowing nominations for Executive Committee for the ensuing year: 
George W. Blodgett (chairman), C. J. H. Woodbury, Henry M. Howe„ 
GecJrge O. Carpenter, and Henry C. Morse. The report was accepted. 

The Chairman of the Executive Committee reported that the 
committee nominated Clement W. Andrews for Secretary for the 
ensuing year. 

The Society proceeded to ballot, and these gentlemen were de- 
clared duly elected. 

The repdrt of the Executive Committee was then read, in part, as 
follows : 

"During the 32d year of the Society of Arts 13 meetings have 
been held, numbered from 448 to 460, inclusive, with an average 
attendance at 1 1 meetings of 68 persons, the largest number at any 
one meeting being 140 on the evening of March 9. . . . 

" The list of members is as follows : 

Life members, May, 1S93 ... 83 Associate members, May, 1893 . 125 

Died during the year .... 8 Died 1 

Life members. May, 1894 . . . 75 Dropped 1 

Resigned 4 

New members elected .... 29 

Associate meml^ers, May, 1894 . 148 

Total membership, May, 1893 208 

Total membership. May, 1894 223 

Net gain . ^ 15 

"The Society has lost by death during the past year, among 
others, a member of eminent ability, great attainment, and wide 
reputation, Mr. Moses G. Farmer ; and also one of its most constant 
and devoted helpers, Hon. J. A. Dresser, who was for many years 
one of the Executive Committee, and whose service of mind and 
hand was always at the disposal of the Society and always most 
acceptable. The Committee desire to place on record their appre- 
ciation of his self-denying interest and efficient aid. 

"The Techfiology Quarterly and Proceedings of the Society of Arts- 
has been carried on during the year under the direction of the Com- 
mittee of Publication, and the former high character of the magazine 
has been fully sustained. The recommendation is made that the Soci- 
ety authorize the appointment of the Board of Publication from year 
to year by the Executive Committee, and the filling of vacancies 
therein, each board so appointed to hold office until their successors 
are appointed. 

" The annual dues were last year reduced from five dollars to three 
dollars. But in spite of this reduction of forty per cent, and of the 
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exceptional business depression, the increase of membership has been 
such that the receipts from members are a little greater than last year. 

For the Executive Committee, 

(Signed) George W. Blodgett, Chairman'^ 

The report was accepted and ordered to be placed on file. 

In accordance with the recommendation of the Executive Com- 
mittee, it was Votedj that the Executive Committee be authorized to 
appoint each year a Board of Publication, to continue for one year 
or until their successors are appointed. 

The report of the Meteorological Committee was read, accepted, 
and ordered to be placed on file. 

Voted, to continue the committee, adding Mr. A. Lawrence Rotch 
in place of Hon. J. A. Dresser, deceased. 

No other business coming before the Society, the President intro- 
duced Mr. M. W. Greer, of Boston, who described the " Jones Under- 
Feed Mechanical Stoker." At the conclusion of Mr. Greer's paper 
the President introduced Mr. Henry J. Williams, of Boston, who read 
a paper on "Smoke Prevention." The latter paper is printed in full 
in the present number of the Quarterly. 

A general discussion followed the papers, in which, among others, 
Messrs. H. M. Howe and W. R. Roney took part, Mr. Howe empha- 
sizing Mr. Williams' conclusion as to the comparative cost of coal and 
fuel gas, and Mr. Roney calling the attention of the Society to the 
somewhat different qualities of coals and other inequalities of condi- 
tions in the East and West as affecting the question. 

The President then extended the thanks of the Society to Messrs. 
Greer and Williams, and declared the meeting adjourned. 

Clement W. Andrews, Secretary. 
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NON^ARCING LIGHTNING ARRESTERS. 

By ALEXANDER JAY WURTS. 
Read April 30, 1894. 

Part I. — An Experiment with Lightning Arresters on a 
3,cxx>-VoLT Alternating Current Circuit. 

Lightning storms in the West, particularly among the mountains 
v^here water power abounds, have up to the present time proved a seri- 
ous drawback to the successful operation of electric light and power 
plants. In some instances these plants are, by reason of frequent and 
violent electric storms, practically inoperative during the afternoons of 
the summer months ; and now that such far-reaching progress has been 
made in the construction of high potential alternating current power 
transmission apparatus, the subject of protection against lightning has 
become of vital importance. The ordinary devices which provide auto- 
matic circuit interrupting attachments, and which are still used with 
doubtful success on circuits of low potentials, had signally failed to do 
the work required of them on these high potential circuits, and it had 
become evident that something radically new was needed. During 
the winter of 1892 and' 1893 I made a searching investigation of this 
subject, experimenting with disruptive discharges and various kinds 
and combinations of apparatus which might promise advantageous 
results, and since that time have spent nearly six months in the State 
of Colorado — a land of thunder storms — testing the various forms 
of apparatus which I had designed as a possible protection against 
lightning, and have also made a careful study of such phenomena as 
presented themselves. This work was carried out with the determi- 
nation to construct, if possible, some form or combination of appa- 
ratus which should practically shut out lightning discharges from the 
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vital parts of a system, and thus greatly enhance the possibilities of 
electric power transmission. 

The general requirements of efficient lightning arrester apparatus 
are : First, to provide discharge circuits which shall operate auto- 
matically and repeatedly, and which shall with certainty avoid dynamo 
short circuits or interruption of the system ; second, to provide dis- 
charge circuits, or so install them that they shall invariably offer a. 
certain path to ground for disruptive discharges in preference to. any 
other part of the system. It follows also from this last, and as a mat- 
ter of practical experience, that ground discharge circuits should be 
short and straight, and that ground connections should be of the most 
approved construction. 

The difficulties in the way of meeting the above requirements on 
circuits of high potential seemed at first somewhat serious, in view 
of the fact that many of the arresters already used had not only been 
instantly destroyed by the short-circuiting which follows each dis- 
charge, but in many instances the arresters had been entirely ignored 
by the lightning, the discharges preferring an armature or converter 
to the spark gaps of the arresters. The correct method for overcom- 
ing this latter difficulty is to equip the system with a liberal distribu- 
tion of line arresters, which, by thus affording frequent opportunities 
for discharge along the line, will greatly lessen the probabilities, or 
rather necessity, for discharging in the station. But the country over 
which most of these power transmission circuits are run is of such 
a dry, barren, and rocky character as to make it practically impossible 
to secure proper ground connections along the line. Fortunately, 
however, parts requiring protection in these power transmission plants 
are confined to the ends of the circuits, so that it became possible to 
adx)pt the following general plan, namely : to provide, first, an abun- 
dant discharging capacity from the line immediately before entering 
the station or power-houses ; and second, to interpose between this 
point and the parts to be protected such a resistance to disruptive 
discharges as should make it a matter of necessity rather than of 
choice for these discharges to pass to earth over the discharge circuits 
provided for them. 

The only apparatus which seemed at all available for this work 
was the non-arcing metal lightning arrester and some efficient form 
of choke coil which might be connected in the circuit between the 
arresters and the apparatus to be protected. As is well known, the 
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1,000-volt non-arcing metal lightning arrester, which is now almost 
universally used on alternating current circuits (see Figure i), consists 
essentially of seven non-arcing metal cylinders arranged side by side 
ivith i-64-inch spark gaps intervening. The two outside cylinders are 
connected to' the respective sides of the circuit and the middle cylin- 
der to the ground, thus forming a double pole arrester. For higher 
voltages, however, the number of cylinders must be increased in order 



to prevent the dynamo current from following in the path of disrupt- 
ive discharges. Experiments, therefore, were made to determine the 
number of non-arcing metal cylinders and spark gaps which would be 
necessary to interrupt a short-circuit on a 3,000-volt alternator with 
the potential raised to 3,300 volts. Nineteen cylinders, or eighteen 
gaps, were found to offer ample margin, and the breaking down e. m. f. 
on half this number of gaps, which would intervene between line and 
ground, was found to be about 70 per cent, of the e. m. f. required to 
break down insulation ordinarily used in a 3,000-volt generator. Three 
1,000-volt non-arcing metal arresters were, therefore, selected as ofifer- 
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ing a convenient means of installing this apparatus (see Figure 2). It 
is also well known that coils, and even sharp turns in a wire, offer a high 
inductive resistance to disruptive discharges. Various forms of choke 
coils were, therefore, constructed and .tested with the idea of deter- 
mining those proportions which, for present requirements, should offer 
maximum impedance with a given length of wire. These experiments 
will be more particularly described in Part II. The form finally 
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adopted was that of a flat coil about 18 inches in diameter, and wound 
with seventeen turns of wire ; the size of the wire varied, of course, 
with the carrying capacity of the particular circuit into which it was to 
be connected. After further experimenting with various combinations 
of spark gaps and choke coils, it was decided that the trial apparatus 
should consist of eight choke coils and twelve 1,000- volt non-arcing 
metal arresters for each end of each circuit ; that is, four choke coils 
should be connected in series in each leg of each circuit, with dis- 
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charge circuits intervening. The relative positions of these parts are 
clearly indicated in Figure 3, which represents one end of each of 
three circuits. 

The theory upon which the selection of this apparatus was based 
will be more generally discussed in Part II ; suffice it to say here that 
disruptive discharges form nodal points in the system, that is, points 
where there will be a minimum tendency to discharge ; hence, to avoid 
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these with any degree of certainty, a multiplicity of arresters, prefer- 
ably line arresters, should be used. Choke coils form points of reflec- 
tion, or points where there will be a maximum tendency to discharge, 
hence a discharge spark gap connected directly in front of a choke 
coil is more likely to receive discharges than if placed at some other 
point in the system. Properly constructed choke coils also offer a 
very high resistance to the passage of disruptive discharges, so that 
if one or more such coils be connected between a discharge circuit 
and the apparatus to be protected, and if the discharge circuit or 
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ground wire be short and straight, the probabilities of safe discharge 
to earth will be vastly increased. Further, disruptive discharges are 
liable to divide and follow several paths, being governed by a complex- 
ity of ever varying circumstances. For this reason it was decided to 
connect several choke coils in series, so that should only a portion of 
a discharge pass across the first arrester, the balance passing through 
the first coil, a second opportunity for discharge would be found at the 
second arrester, which was also connected in front of a coil, and, 
therefore, at a point of reflection. Should this remaining portion of 
the discharge again divide, a further opportunity for discharge would 
be afforded at the third arrester, and so on, so that by the time the 




Fig. 4. 



fourth coil was reached it was presumed that the discharge would 
have spent itself. 

Some of the many experiments made to substantiate this theory 
are exceedingly interesting as well as instructive. Referring to Fig- 
ure 4, A are the terminals of a powerful influence machine ; b is a bat- 
tery of Leyden jars ; g a wire which may represent the ground, and is 
connected to the outside coating of the jars ; l is a second wire which 
may represent one leg of an electric circuit ; a^ b^ c, and d are choke 
coils connected into the line l, and in series with each other ; 2, 3, 4, 
and 5 are intervening discharge circuits containing spark gaps ; i is 
a ^|-inch spark gap separating line l from the inside coating of 
battery b. If now the battery becomes charged from the influence 
machine a, a large and violent disruptive discharge will take place 
across gap i and suddenly charge line l. This discharge will then 
pass to earth g through one or more of the spark gaps 2, 3, 4, 5, ac- 
cording to circumstances. It will be noted now that this arrange- 
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ment of choke coils and discharge circuits is similar to that shown in 
Figure 3. The spark gaps were made of rounded half-inch brass rod 
adjustable with a ^^-inch screw thread. The coils were wound with 
No. CXXX5 wire, were 3 inches in diameter, 6 inches long, and contained 
42leven turns each. 

The following table indicates the very interesting results obtained 

l)y varying the lengths of spark gaps 2, 3, 4, and 5. The signs '* — ", 
***", and "o" indicate, respectively, a heavy discharge, a feeble thread- 
like- discharge, and no discharge. 

The Spark Gap Numbers 1 2 3 4 5 

The Spark Gap Lengths 12 14 1 1 1 

Results, 1st — —  

Results, 2d — — 

The Spark Gap Lengths . . .' 12 14 2 1 1 

Results -- — * 

The Spark Gap Lengths 12 , 14 2 2 1 

Results — — • 

The Spark Gap Lengths . . ' 12 14 2 2 2 

Results — — 

The Spark Gap Lengths 12 14 3 2 2 

Results — — * 

The Spark Gap Lengths 12 14 3 3 2 

Results ^ — — » 

The Spark Gap Lengths 12 14 3 3 3 

Results . — — 

The Spark Gap Lengths 12 14 4 3 3 

Results, 1st — — • 

Results, 2d — -— * 

The Spark Gap Lengths 12 14 4 4 3 

Results — — • 

The Spark Gap Lengths 12 14 4 4 4 

Results, 1st — — * — 0. 

Results, 2d — 0.— 

Results, 3d — — 

Results, 4th — — * 

The Spark Gap Lengths . .• 12 14 5 4 4 

Results, 1st — — 

Results, 2d — — • 

Results, 3d — — — — 

ResulU, 4th — — 

Results, 5th — — • 

The Spark Gap Lengths 12 14 5 5 4 
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When I = 12, 2 = 9, 3 = 5j^, 4 = 3|, and S = i, the sparks were 
about evenly divided, except that 5 never sparked alone and always 
gave threadlike sparks when 2 sparked. These results are represented 
graphically in Figure 5. 

Glancing now at the above table we notice : First, the difficulty 
that disruptive discharges experience in passing the coils, jumping 
as they do large air gaps in preference to the more circuitous but in- 
finitely better conducting paths afforded by the coils ; second, the 
tendency for discharges to divide into two or more paths, part passing 
across the first or second gap and the remainder through one or more 

coils to a succeeding 
gap, showing thereby 
that a single choke coil 
does not offer certain 
security against the pas- 
sage of these discharges ; 
third, the uncertainty of 
the paths that will be 
selected during a series 
of tests where the con- 
ditions are maintained 
as nearly constant as 
possible ; in fact, it seems almost impossible to produce the same 
results twice in succession. It is, however, to be noticed that, with 
these four choke coils in series and spark gaps intervening, the dis- 
charges are so thoroughly sifted out that only an occasional thread- 
like spark finds its way across the last gap. With laboratory results 
such as these, it seemed fair to presume that results more or less 
similar might also be expected in practice. 

The plant selected for the trial of this apparatus was that of the 
San Miguel Consolidated Gold Mining Company, of Telluride, Colo- 
rado, which is equipped witH a 3,000-volt alternating current synchro- 
nous system, operating stamping mills and furnishing current to the 
Telluride Electric Light Company. These points are situated among 
the mountains at distances varying from three to ten miles from the 
power-house. Three separate circuits leaving the power-house extend 
over a wild and rocky country, and in some places rise above timber 
line. In previous years every attempt to protect this plant from light- 
ning had failed. During the summer months two horses were kept 
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constantly saddled ready for emergencies consequent on lightning dis- 
charges, and at the motor and power-house it was common practice on 
the approach of a thunder storm to lay out, ready for instant use, an 
extra armature coil, with all the necessary tools for handling the same. 
In one of the former types of arresters used in this plant forty fuses 
were blown inside of sixty minutes. 

The location of each bank of arresters was selected with particular 
reference to securing permanently damp earth for the ground plate, 
the lines being led to this spot. The circuit was thus made to accom- 
modate itself to the arresters rather than the arresters to the cir- 




cuit. The apparatus was then installed in a specially constructed 
and weather-proof lightning arrester house (see Figure 6), the arrest- 
ers and choke coils being mounted on thoroughly dried wooden frames, 
and every precaution taken to insulate these from the ground and from 
each other. In this manner also it was expected that the lightning 
discharges would be kept entirely out of the station. 

The connections inside the power-house lightning arrester house 
are all clearly indicated in Figure 3. One main B. and S. No. 3 ground 
wire was used for all the arresters in each bank, unnecessary kinks and 
bends being studiously avoided. 

The grounds which I used were of the most approved construction, 
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and in this respect were in marked contrast to ground connections 
commonly found in practice. An old rusty casting or an abandoned 
pulley hooked onto the end of a tangled piece of scrap wire, and then 
thrown into a neighboring creek, or the tail race of a mill, or a small 
iron spike driven conveniently into dry earth or sand, form ground 
connections not infrequently found in practice. But my work being 
only of an experimental nature, a thoroughly good ground connection 
was thought to be one of the essentials. The ground connections 
were therefore made as follows : First, a hole 6 feet square was sunk 
directly under each bank of arresters until permanently damp earth 
was reached ; second, the bottom of this hole was covered with 2 
feet of crushed charcoal (about pea size) — crushed coke would have 
answered equally well ; third, over this was laid 25 square feet of 
No. 16 copper plate; fourth, the ground wire was then firmly soldered 
all the way across the ground plate ; fifth, the plate was now covered 
w^ith 2 feet of charcoal ; and sixth, the hole then filled in with 
earth, using running water to settle. In one instance permanently 
damp earth could not be reached ; water was therefore brought from 
some considerable distance through an iron pipe and run into the 
upper earth of the ground hole. In this manner the entire ground 
construction was maintained constantly damp. 

Observations were taken by competent men at each bank of arrest- 
ers during the entire lightning season, and the results obtained indi- 
cate that the discharges occurred most frequently over the second 
arresters ; many passed over the third arresters ; very few, however, 
over the first or fourth. The writer personally watched one of these 
banks of arresters through severe thunder storms, and in every instance 
the discharges noticed by him were seen to pass across the second 
series of spark gaps. The discharges followed each other across the 
cylinders with great rapidity, making peculiar and often startling 
sounds, very similar to the cracking of a teamster's whip, but in no 
instance was there a fuse blown or damage done to the arresters. 
Now these facts are not only of great practical importance, but are 
also exceedingly interesting when studied in connection with the re- 
sults already mentioned as having been obtained with choke coils and 
spark gaps in my laboratory experiments. At the end of the lightning 
season the non-arcing metal cylinders of the arresters were carefully 
inspected, and the confronting sides found to be covered with minute 
black spots where the discharges had passed from cylinder to cylinder. 
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These spots were often centered with very small, smooth exposures of 
the metal, but in no instance was there any indication of beading or 
fusing together of the adjacent cylinders. 

The net results of this lightning arrester experiment are most sat- 
isfactorily summed up in the following letter written by Mr. P. N. 
Nunn, Electrical Engineer of the San Miguel Consolidated Gold Min- 
ing Company. I feel greatly indebted to Mr. Nunn for the kindly 
assistance he has rendered in carrying out these tests, and take this 
opportunity to again thank him for his valuable suggestions and the 
painstaking care with which the installation was made. 



THE SAN MIGUEL CONSOLIDATED GOLD MINING CO. 

Telluride, Colo., October 12, 1893. 
Mr. Alexander Jay Wurts, 

Pittsburg, Pa. 

My Dear Sir : — In reply to your inquiry respecting the results obtained from your lights 
ning arresters in the operation of our electric power transmission plant, we take pleasure in 
making the following statement : 

At the present time, as you are aware, our plant consists of a power-station at Ames, 
equipped with Westinghouse alternating current generators of 1,100 horsepower capacity", 
which supply current for synchronous motors in three stamp mills at distances of two, 
three, and ten miles respectively, and for lights in the town of Telluride about eight miles 
distant. The pole line runs over the mountains in altitudes varying from 8,800 to 12,000 feet 
above the sea level, traversing at different places bare ridges of mountain divide, and large 
tracts of magnetic mineral. It is thus peculiarly exposed to lightning in a district where 
lightning is of extraordinary frequency and force at certain seasons of the year. 

The difficulties of the situation are further aggravated by the fact that we generate and 
utilize without transformation, except for lighting purposes, an alternating current of 3,000 
volts. 

Despite the use of an overhead grounded wire on our pole line and the best arresting 
apparatus we could procure, we suffered continual interruptions during the lightning seasons 
of 1891 and 1892. On one occasion five armature coils were burned out in a single storm. 
With any other form of armature this would have meant five burned out armatures, but with 
the toothed armature of your machines it represented the cost of five new coils and a day's 
delay. The frequency of the discharges of lightning was so great that the insulation in the 
highest grade of cables and cores throughout the entire apparatus became so honeycombed 
with perforations as to give rise to continual leakage, grounds and short circuits requiring 
constant and expensive replirs and causing prolonged delays. 

Since putting in your non- arcing metal arresters in connection with your system of spe- 
cially designed choke coils, we have passed through the lightning season of 1893 without 
a particle of lightning having passed to our knowledge beyond the arresting apparatus, with- 
out a shut-down, without the loss of a coil, and without a single perforation of insulation. 
The experience of this season has given us the greatest confidence in the efficiency of your 
apparatus as a protection against lightning. 

(Signed) P. N. Nunn, 

Electrical Engineer^ 
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Part II. 



Protection Against Lightning on Circuits of 

ANY Potential. 



A system of protection against lightning discharges has been 
designed by the writer, which is applicable to circuits of any poten- 
tial, and, although this system has not yet received a practical test, 
the indications are that it will prove efficient. 

The proposition is to connect in series with the circuit, and at 
frequent intervals, a system of properly constructed choke coils, the 
expectation being that the energy stored in the circuit in the form 
of static electricity will, at moments whpn there is a tendency to a 
disruptive discharge, dissipate itself into heat through the electrical 
surgings which will be set up between and among the several choke 
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coils. In Figure 7 there is represented a power transmission circuit 
provided with this system of protection against lightning. 

The theory upon which these predictions are based is more or less 
familiar to every electrical student. There exist, however, differences 
of opinion regarding some of the points involved. Many of my im- 
pressions are derived from personal observation, and through these 
I have been led to believe that, in many cases, electric circuits become 
statically charged by contact with the neighboring charged atmosphere, 
that is, by conduction from it. The charge on the line, no doubt, leaks 
to earth ; so does the charge in the atmosphere ; but the two are 
maintained at practically the same potential. 

The potential of the atmosphere surrounding the wires of over- 
head electric light and power circuits is not very high. At the top of 
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Washington monument, Washington, D.C., the difference of potential 
between the atmosphere and the earth during the thunder storms is 
about 3,000 volts. If, then, the potential of an aerial wire is the same 
as that of the atmosphere intimately surrounding it, the immediate 
source of danger from the static strain will be inconsiderable. When, 
however, a lightning discharge occurs from the clouds, this charged 
condition of the wire becomes unbalanced, the atmosphere has been 
discharged, and its potential has suddenly sunk to zero. The static 
charge in the wire having lost the support of the previously charged 
atmosphere now seeks an equilibrium, and in so doing sets up elec- 
trical waves which travel to the extremities of the system, or to points 
of great resistance, and are there reflected to other parts to be again 
reflected, and so on. At these points of reflection there is an enor- 
mous strain and a consequent tendency to *' side flash," so often caus- 
ing the damage to insulation which we are seeking to avoid. Such 
electrical disturbances consequent upon a lightning discharge can be 
observed in wire fences and in tramway rails. In high altitudes even 
the wet rocks are seen to become luminous, giving off brush dis- 
charges at moments of electrical disturbance ; and the human body 
will often feel that peculiar sensation familiar to those who handle in- 
fluence machines, namely, a sudden and cool draught wh^n an existing 
condition of electrical strain is broken down. 

It is then at these points of reflection that the damage is done 
and that we get the impression of a very high potential. An arma- 
ture insulation is pierced by the discharge, the dynamo current fol- 
lows, there is a great flash accompanying the short circuit, several 
fuses let go, and the superintendent is informed that lightning entered 
the station. As a matter of fact, it is probable that the discharge has 
made a hole in the insulation no larger than the prick of a pin or 
perhaps that of a pin head, which in most cases is greatly enlarged 
by the dynamo current. 

There are other methods, however, by which circuits probably 
become charged, namely, by static induction from clouds and by dy- 
namic induction from cloud discharges. It is probable that these also 
set up electrical surgings in the circuit, and that the danger to insu- 
lation occurs at points of reflection. I am also inclined to believe 
that, although a line is seldom, if ever, struck by a direct lightning 
discharge, it occasionally becomes charged by some of the ramifica- 
tions which are often seen to accompany a lightning stroke. 
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Figure 8 is an example of what might be called a direct discharge, 
and to the best of my knowledge there is no evidence to show that 
such discharges strike electric wires. In Figure g there is repre- 
sented a lightning discharge accompanied by ramifications which wan- 
der off in a seemingly aimless manner, but which, no doubt, find their 
way to bodies or strata of air variously electrified. I am inclined to 

believe that at times 
some of these ramifi- 
cations find their way 
into electric circuits. 

A curious freak 
which came under my 
observation last sum- 
mer is illustrated in 
Figure 10. T repre- 
sents an overhead tro^ 
ley wire, on either side 
of which are wooden 
poles; H is a bell- 
shaped insulator made 
of compressed mica 
and shellac. These in- 
sulators easily with- 
stand an electric strain 
of 12,000 volts. R is an 
iron ring holding the 
span wire to the pole ; 
B is a branch circuit 
feeding current to a 
group of lamps g^ ; and 
P,^ g L is a lightning ar- 

rester in its discharge 
circuit, G* is a second group of lamps. The distance between h and 
B is about 50 feet. After a violent thunder storm it was noticed that 
one of these poles bad been shattered from the top down to the iron 
ring, the remaining portion being uninjured. This had been done by 
lightning, and, in the opinion of the writer, by one of the ramifications 
to which allusion has already been made. In any case, this discharge, 
whatever it may have been, passed over the span wire to the bell insu- 
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lator H, piercing it and breaking it into three pieces, then traveled 
along the trolley wire to b, where it apparently divided, one part pass- 
ing to the group of lights g^ breaking them all, ten in number, and 
the other part to earth through the arrester l, without in any way 
interfering with the group of lights g^. It is quite remarkable to note 
that none of the parts damaged by this discharge showed apy indica- 
tions of heat. 

During the past summer I have watched many discharges enter 
a generating station and pass to earth across simple carbon spark 
gaps provided with No. 18 copper wire fuses. The discharges gave 
a crackling sound similar to that of discharges from a Ley den jar, 
and in some instances where I had placed pieces of tissue paper be- 
tween the electrodes of the spark gaps the papers were perforated 
with small holes. In one instance only which came under my ob- 
servation did the copper wire fuse melt. An apparently prolonged 
discharge passed over one of the spark gaps with a hissing sound, 
raised the tips of the carbon electrodes to a white heat, and fused the 
copper wire cut-out, the time taken being approximately two seconds, 
which would indicate in the neighborhood of 1 50 amperes. I believe 
this discharge to have been part of a true lightning discharge — one 
of its ramifications — but in the. great majority of cases the dis- 
charges are small, and in this respect bear no comparison to cloud 
discharges. 

Now, if the "electrical surgings" theory be correct, I believe that 
these dangerous points of reflection can, by means of properly dis- 
tributed and effective choke coils, oe confined to long lines and made 
to wear themselves out, as it were, between the coils. In this manner 
' frequent points of reflection would be distributed over the system. 
Primary waves set up during electrical disturbances would be broken 
into smaller waves, which, surging back and forth between the coils or 
points of reflection, would finally become dissipated and their energy 
pass off into heat. 

The number of coils which it would be necessary to use for a given 
length of circuit has not yet been determined, but the writer would 
suggest placing four to each mile of single wire. For convenient 
accommodation on the poles these can be arranged alternately on 
the two legs of the circuit, thus avoiding two coils on any one pole. 

Should such a system of protection against lightning be found 
efficient, its many advantages over the discharge circuit method would 
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be obvious, particularly in a country where good ground connections 
are costly and often impossible to construct. 

The general form and dimensions of these choke coils is a matter 
of considerable importance. Dr. Lodge states, I believe, that for dis- 





FiG. II. Fig. 13. 

ruptive discharges a flat spiral will offer maximum impedance with 
a given length of wire. To the best of my knowledge, however, Dr. 
Lodge makes no mention of the number of turns which may be ad- 
vantageously used. I have found by experiment that the impedance 
or resistance to the passage of disruptive discharges does not con- 
tinuously increase with the number of turns, but that a critical 
point is rapidly reached, beyond which additional turns do not add 
appreciably to the impedance of the coil. The critical point was de- 
termined in the following manner. A large flat coil was constructed, 
having the following specifications : 

Size of wire No. 

Number of turns 34 

Outside diameter i 3C 

Inside diameter 3'' 




Fig. 12. 




Fig. 14. 



The wire was carefully insulated so that the discharges could not 
pass between consecutive convolutions. 

This coil was then connected up in the usual manner for deter- 
mining impedance, the general arrangement of the apparatus being 
shown in Figures 11, 12, 13, and 14, where b is a variable shunt spark 
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gap, one terminal of which is permanently connected to either termi- 
nal of the coil, while the other is provided with a sharp metallic point 
fastened to a short flexible cord. The sharp point was used to pierce 
the insulation of the coil, thereby reaching the copper of any convolu- 
tion and also in this manner providing a means for shunting any de- 
sired portion of the coil by the spark gap b. Spark gaps a and b were 
varied by means of a thirty-second of an inch screw thread, so that the 
dimensions of these gaps are given in thirty-seconds of an inch. 

Each determination was made by shunting with the gap b that 
portion of the coil whose impedance was desired, and then varying 
the length of B until the discharges were about evenly divided be- 
tween the coil and the gap. In the following table are given the val- 
ues of B and the number of .convolutions shunted by the gap in each 
^etemiination. 
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No. of Tarns. 


ist B. 


ad B. 

• 


3d B. 


4th B. 


5th B. 

1 


1 


t 


2 


i 


\ 


\ 


2 


1 

1 


3i 


1 


1 


11 


3 


i H 


5i 


2 


2 


21 


4 


2i 


61 


3 


3 


31 


5 


2i 


8i 


4 


4 


41 


6 


3} 


lOi 


5 


7 


6 


7 


3} 


11 


51 


9 


6f 


8 


4i 


11 


6i 


11 


71 


9 


5i 


11 


7 


13 


SI 


10 


6 


11 


71 


14 


9J 


11 


6i 


11 


8 

• 


15 


101 


12 


7 


11 


9 . 


17 


111 


13 


7i 


11 


91 


18 


13 


14 


8 


11 


10 


20 


13 


IS 


8} 


11 


11 


201 


13 


16 


9 


11 


Hi 


201 


13 


17 


9 


11 


Hi 


201 


13 


" 18 


9i 


11 


Hi 


201 


13 


19 


lOi 


11 


Hi 


.201 


13 


20 


10^ 


11 


Hi 


201 


13 


21 


101 


11 


Hi 


201 


13 


22 


lOi 


11 


Hi 


201 


13 


23 


101 


11 


Hi 


201 


13 


24 


lOf 


11 


Hi 


201 


13 


25 


lOf 


11 


Hi 


201 


13 


26 


lot 


11 


Hi 


201 


13 


27 


11 


11 


Hi 


20| 


13 


28 


11 ' 


11 


Hi 


201 


13 


29 


11 


11 

9 


Hi 


21 


13 


30 


11 


11 


Hi 


21 


13 


31 


11 


11 


Hi 


21 


13 


32 


11 


11 


Hi 


21 


13 


33 


11 


11 


Hi 


21 


13 


34 


11 


11 

« 


Hi 


21 


13 



In the first column is given the number of convolutions shunted 
by the spark b. 

Column I B gives the values of b under conditions shown in Fig- 
ure II, with A equals I2 and with rounded electrodes at b. 
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Column 2 B gives the values of b under conditions shown in Fig- 
ure 12, with A equals 12 and with rounded electrodes at b. 

Column 3 B gives the values of b under conditions shown in Fig- 
ure 13, with A equals 12 and with rounded electrodes at B. 

Column 4 B gives the values of b under conditions shown in Fig- 
ure 14, with A equals 12 and with sharp electrodes at b. 

Column 5 B gives the values of b under conditions shown in Fig- 
ure 13, with A equals 15 and with rounded electrodes at b. 

Figs. For convenience these results 

are graphically represented in 
Figures 15, 16, 17, 18, and 19, 
and we note, first, that in each 
case a positive maximum imped- 
ance is reached, beyond which 
additional turns do not affect 
the results ; second, that, with 
the exception of the results 
shown in Figure 15, the imped- 
ance does not increase beyond 
about the seventeenth turn; 
third, that, with both terminals 
of the coil permanently 
nected to the discharge ch 
(see Figure 15), the increas 
impedance is more gradual 1 
when only one terminal is 
connected ; fourth, that v 
permanent connection is n 
to the outside of the coil ( 
ure 16) the increase is r 
rapid than when permanent 
nection is made at the center (Figure 17) — in other words, a si 
turn on the outside offers more impedance than a single turn nt 
the center; for equal lengths of wire, however, the turns near 
center offer greater impedance — fifth, that increasing a stig 
decreases the number of turns (Figure 19); sixth, that using p« 
at B, instead of knobs, does not materially change the results, c 
than to make the path selected by the discharge somewhat more 
certain, as will be noticed by the irregular curve shown in Figun 
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The coils which I have constructed have been wound with reference to 
the critical point. 

Dr. Lodge has also experimented with such coils in connection with 
iron cores, and found that the impedance is not appreciably affected by 
their introduction. I have also experimented in this line, and have 
naturally surprised myself by obtaining quite different results. It is, 
however, to be supposed, in view of Dr. Lodge's masterly study of 
this subject, that my conditions have in some way differed from his. 
I found that upon the introduction of a small bundle of iron wires 
into the core of a coil the impedance to disruptive discharges was 




Fig. 20. 



reduced nearly 20 per cent The cause of this was at once made 
apparent by the beautiful sparks which were seen to appear among 
the iron wires of the core upon the passage of each disruptive dis- 
charge. These iron wires, of course, form among themselves closed 
secondaries to the primary coil, and in this manner also very beauti- 
fully illustrate the oscillatory character of the discharge. 

A convenient mechanical analogy for this electrical surgings sys- 
tem may be found in hydraulics. Referring to Figure 20 let m repre- 
sent a water main closed at either end ; f f a supply and outlet ; 
d dy etc., perforated elastic diaphragms. If now an impulse be im- 
parted to the water at e, as by a blow, a wave will tend to travel from 
one end of the main to the other, and if it were not for the dia- 
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phragms this wave would either burst out the opposite end of the 
pipe or be reflected back and forth until the energy of the wave had 
become transformed into heat. The presence of the diaphragms, how- 
ever, will tend to break up the initial wave and confine the surgings to 
comparatively small portions of the pipe. At the same time the per- 
forations in the diaphragms allow of a continuous flow of water under 
pressure. In the electrical system the choke coils are supposed to 
break up the electrical surgings, much as these diaphragms break up 
the water surgings, and at the same time the coils do not materially 
interfere with the passage of the dynamo current. The coils cause 
points of reflection to occur where an excessive static strain can do 
no harm. The ends of the circuit, which are the vital parts of an 
electric power transmission system, are thus shielded by the coils and 
the energy of the static charge is harmlessly transformed into heat. 

It has, however, been mentioned in Part I that coils are not abso- 
lutely impervious to disruptive discharges. A discharge entering a 
coil meets with continuous resistance, and is finally all or partially 
reflected ; in other words, a coil is not a stone wall, does not neces- 
sarily confine the point of intense electrical strain to the first inch or 
two of the coil. The discharge penetrates the coil^and often causes 
"side flash** to occur well within its interior. In my mechanical anal- 
ogy, therefore, I have represented this yielding opposition, as it were, 
by elastic diaphragms. 

Part III. — Discriminating Lightning Arresters. 

The Condenser Lightning Arrester. — The discovery and practical 
application of non-arcing metal to alternating current circuits about 
two years ago ^ has indicated the possibility of constructing a discrimi- 
nating lightning arrester, as it were, for direct current circuits ; that 
is, an arrester which should not require the usual automatic circuit in- 
terrupting attachment, but which, by virtue of its material or con- 
struction, should allow static electricity to pass and prove an effectual 
barrier to the dynamo current. 

The first step taken in this direction was to carefully analyze the 
conditions, and the general conclusions arrived at were as follows : 
A circuit becomes charged in various ways with static electricity tend- 
ing to earth. These charges are, in a majority of cases, small and of 
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no considerable intensity. The surgings in the. system find points 
of reflection, which also become points of greatly increased tension. 
The earth is the great reservoir (to use common language) for these 
discharges. This reservoir is, 'however, unnecessarily large for the 
accommodation of line discharges. Might not smaller reservoirs be 
made — little earths insulated from the mother earth } If the circuit 
were connected directly or through spark gaps to such little earths, 
these dangerous surgings might be broken up and the line safely dis- 
charged without a possibility of the dynamo current following. Each 
spark gap in each of such discharge circuits would then form a dis- 
criminating lightning arrester, but these little earths would be nothing 
more nor less than one coating of a condenser — the mother earth 
a common coating to them all. Why not, then, use condensers, con- 
necting one side to line, the other to earth through a spark gap ? 

One difficulty immediately presented itself. After the condenser 
had become charged, how was it to become discharged } To be suc- 
cessful it must be self-discharging, and not only this, but the discharge 
must take place in such a manner that no dynamo current should fol- 
low. Therefore, to discharge the condenser disruptively was at once 
out of the questiQn. Experiments in this line led first to the applica- 
tion of a wet string to the terminals of a condenser, the idea being 
to leak out the charge through an ohmic resistance sufficiently great to 
prevent an appreciable flow of dynamo current. A two m. f. con- 
denser provided with a wet string leak was treated with violent disrup- 
tive discharges from a battery of Leyden jars, and upon immediately 
applying the tongs to the terminals of the condenser after the crack 
of the discharge not the smallest trace of a charge could be detected. 
When the string was removed or had become dry the charge was re- 
tained. Evidently a wet string would not answer as a permanent leak. 
Various compositions of plumbago with molding sand, red lead, and 
plaster of Paris were pressed into a tube and used; but these all proved 
unsatisfactory, being unreliable. In many instances this composition 
leak would, before testing with the condenser, have a resistance of 
30,000 ohms, and after a single discharge it would be found that this 
resistance had increased to many hundred thousand ohms. This was, 
perhaps, due to the flying apart of the plumbago particles under the 
influence of the discharge, and so breaking the continuity. Finally, 
a pencil mark over ground glass was suggested, and this was found to 
work admirably. A medium pencil was rubbed back and forth over 
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a strip of ground glass, making a narrow shining streak having a re- 
sistance of from 40,000 to 50,000 ohms. Rubbing with the hands 
did not seem to appreciably change this resistance. Broad black 
pencil marks were made on the ends for better contact, and connec- 
tion to the terminals of the condenser was obtained through aluminum 
foil, both glass and foil being protected on the bottom by the wooden 
case of the condenser and on top by a small inverted wooden trough. 
A condenser provided with such a pencil mark leak was now con- 
nected to a 500-volt direct current circuit and to apparatus, as shown 
in Figure 21. a was a 500-volt direct current generator ; l one leg 
of the circuit, which may represent a trolley wire ; g the other leg of 




Fig. 21. 



the circuit, which may represent the ground return ; k the two m. f, 
condenser with its high resistance leak // c a small spark gap in 
series with the condenser and in the discharge circuit ; b was a Cl- 
inch spark gap over which disruptive discharges would pass from the 
battery of Leyden jars (11), and in this manner suddenly charge the 
line L. The most violent disruptive discharges that could be obtained 
in the laboratory were unable to damage either the generator or the 
condenser. A small spark gap, a trifle larger than c, connected either 
in series or in shunt to the generator, failed to take any of the dis- 
charges, thus demonstrating the ease with which the discharges were 
received by the condenser. Such tests were continued for half an 
hour at a time, the discharges following each other in rapid succes- 
sion ; but the condenser was ever ready, being kept constantly dis- 
charged by the high resistance leak. Of course, the resistance of the 
leak was sufficient to prevent the formation of an arc at c. The ter- 
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minals of the leak were also too far apart to permit the condenser to 
discharge disruptively. This device insures all the requirements of 
a discriminating lightning arrester, and in this form seemed admirably 
adapted for station and indoor use on 500-voIt direct current circuits. 
For line or outdoor use the condenser was placed in a suitable 
cast-iron box, one terminal of the condenser being grounded to it. 



•while the other was led out through a specially designed and water- 
tight bushing. If, then, this iron box were buried in damp earth, 
as a ground plate, so to speak, the outer terminal connected to the 
lower electrode of a small spark gap placed on a pole, and the upper 
electrode of the gap connected to the line, the combination would 
constitute a discriminating line lightning arrester. See Figure 22. 
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Practical tests have been made during the past summer with both 
station and line condenser lightning arresters, and the results obtained 
have been most gratifying. The plant in which the apparatus was 
installed was that of the Denver Tramway Company, Denver, Col- 
orado, in a locality where lightning storms are particularly severe 
and of frequent occurrence. This plant extends over a vast amount 
of territory, and no attempt was made to protect it as a whole with 
these arresters. The experiences of this company with automatic 
lightning arresters on the line had been extremely unsatisfactory, 
and as a final measure they had resorted to simple carbon gaps lib- 
erally distributed over the system, depending upon the station circuit- 
breakers to interrupt the short circuits. This combination, however, 
worked satisfactorily near the station only ; at any considerable dis- 
tance therefrom the drop on the line was such that even a short 
circuit across these spark gaps failed to trip the breakers. The arc 
therefore continued until it had burned itself out, which in many 
cases was not accomplished until the top of its wooden pole had 
been burned off. 

The installation of these condenser lightning arresters consisted 
of five arresters on the line, and forty-four spark gaps with eleven 
condensers in the station. The station spark gaps were also pro- 
vided with two specially constructed choke coils for each feeder. 
The original arrangement of this apparatus is shown in Figure 23. 
A is the generator; f f, etc., the feeders; i, 2, 3, 4, etc., the forty- 
four spark gaps alluded to; c i, c 2, the two choke coils in series 
with each feeder; s represents the circuit-breakers and k Keystone 
lightning arresters; c is a bank of four 2 m'f condensers, making a 
common ground for the forty-four spark gaps ; t is a tank lightning 
arrester ; g is an overhead ground return ; 5 a spark gap in the 
ground wire of the forty-four spark gaps. A telltale piece of tissue 
paper was placed in this gap, which, becoming punctured, would at 
once .indicate and register the passage of a discharge acrots any of 
the forty-four spark gaps. 

The first thunder storm which occurred after this apparatus had 
been installed gave unlooked for results. The telltale paper at 5* 
failed to indicate any discharge whatever; the spark gaps i, 2, 3, 
and 4, which were placed in the cupola, were examined, and many 
of these found to be badly burned. At first thought this indicated 
some path to earth other than that provided through gap 5 to the 
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condensers. Tests for a ground, however, failed to prove this to 
be the case. A succeeding storm Teproduced these same strange 
results, A more careful study of the problem now disclosed the 
fact that as the circuit-breakers were frequently thrown open dur- 
ing thunder storms, the feeders which were thus opened became 
ground wires, being grounded through their respective motors. Con- 
sequently live feeders discharged into these dead or grounded feed- 
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ers and vice versa, forming arcs which burned the carbon electrodes 
of the several spark gaps according to the amount of current taken 
by the respective feeders. 

Fresh carbon electrodes were subsequently provided and a single 
condenser connected to each group of spark gaps on the individual 
feeders, which arrangement would prevent the possible re-occurrence 
of arcing between feeders. 

The line arresters had, however, in the meantime been carefully 
watched, and after every storm the telltale papers were collected 
and found to be perforated with a greater or less number of small 
holes, each hole being slightly discolored around the edges. 



Non-Arcing Lightning Arresters, 109 

The sensitiveness of these condenser arresters was particularly 
noticeable, in that the telltale papers were found to be punctured 
at the slightest provocation, when, in fact, no considerable thunder 
storm had passed over the lines ; and yet, sensitive as they were 
to slight charges on the line, it is remarkable to note that the 
simple carbon spark gaps belonging to the local company, which 
have already been mentioned, and which provided a gap \ inch be- 
tween electrodes, frequently received discharges in preference to the 
minute spark gap of a neighboring condenser line arrester. Such 
occurrences, coupled with many others of a similar nature, point to 
the existence of nodal points and the necessity of distributing line 
arresters at frequent intervals over the system. 

Iji fact a lightning arrester connected directly to the terminals 
of a generator or motor offers no absolute guarantee of protection 
to this particular piece of apparatus. The presence of the arrester 
simply offers an opportunity for discharge. The discharge may 
occur in the armature or it may occur through the arrester, accord- 
ing to the particular conditions existing at the time of each dis- 
charge. The arrester could have a comparatively large spark gap, 
and the breaking down strain of the armature insulation be low, 
and still the discharge might prefer the large gap to the weaker 
insulation ; while, on the other hand, the arrester could have a very 
small spark gap and the armature be provided with the highest 
grade of insulation, yet in some cases this insulation would be 
pierced by the discharge in preference to the small spark gap of 
the neighboring arrester. A striking example of this possibility is 
illustrated in Figure 24. a is a type of strain-wire insulator which 
is ordinarily capable of withstanding from 15,000 to 20,000 volts. 
B shows a wire connecting an overhead return to the ground wire 
return. The distance between wire b and the iron hoop holding 
the strain wire is about one inch. During a violent thunder storm 
the insulator a was punctured by a discharge which passed from the 
trolley wire through the insulator to the iron hoop and thence 
across the one inch air space to the grounded wire b, and this 
very high ohmic resistance path was taken in preference to a neigh- 
boring line arrester having a small spark gap. Had an arrester 
been connected at this point there is no question but that the ar- 
rester would have taken the discharge; but by reason of the nodal 
points which are formed along the line by the electric surgings, a 



no Alexander Jay Wurts. 

lightning arrester lOO yards away, although it is liable to take a 
large proportion of the discharges, does not by any means offer an 
absolute guarantee of protection to a neighboring piece of appara- 
tus. A large number of line arresters, that is, a large number of 
opportunities for discharge, is the surest means of securing efficient 
protection. 



The results obtained with these condenser arresters have ex- 
ceeded my expectations, and in my opinion have thrown consider- 
able light on the intensity and volume of discharges commonly 
found in electric light and power circuits. During my two months' 
stay in Denver not a single condenser was disabled, nor were any 
of the telltale papers burned. I was not present in Denver after 
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the burned out spark gaps in the station had been replaced, and 
am therefore not in possession of any further data from that source. 
But in Colorado Springs, where I spent the next following six 
weeks, I connected three of these condenser arresters in the sta- 
tion of the Colorado Springs Rapid Transit Railway Company, and 
was treated to many violent thunder storms, through all of which 
these arresters showed a wonderful capacity for repeatedly and rap- 
idly discharging the line. Through many of these storms the dis- 
charges passed the spark gaps as many as twenty times a minute, 
completely riddling the telltale papers. 

I may, therefore, say with emphasis that the condenser light- 
ning arrester has proved itself most efficient in points of sensitive- 
ness, durability, and general reliability. In actual service it has 
demonstrated the successful construction of a truly discriminating 
direct current lightning arrester. 

The Non-Arcing Railway Lightning Arrester. — I have, however, 
designed a lightning arrester which is much smaller, cheaper, and, 
perhaps, in every way more desirable than the condenser arrester- 
It is also a discriminating lightning arrester. 

I had frequently noticed what is probably familiar to many of 
you, namely, that a disruptive discharge will leap over a non-con- 

 

ducting surface much more readily than through an equal air space. 
The non-conducting surface seems to form an entering wedge, as 
it were, through the air, so that this being already partly split or 
ruptured the dischai'ge has but to further separate the air from the 
non-conducting surface instead of boring its own path through it. 
A pencil mark over a rough piece of glass or unpolished marble 
still further reduces the breaking down strain. 

But to avail myself of this fact in the construction of a light- 
ning arrester was a problem over which I pondered for some time. 
My design was to bring electrodes located in a discharge surface 
near enough together to form a lightning arrester spark gap, and 
at the same time to avoid the passage of dynamo current when the 
electrodes were connected to the terminals of a soo-volt direct cur- 
rent generator. I reasoned that a dynamo arc to be maintained 
must be fed by the vapors of its electrodes. To prevent an arc, 
the formation of such vapors must be suppressed. My first attempt 
in this direction proved successful. I drew a pencil mark about 
two inches long over an unpolished piece of marble, covered this 
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with a second piece similar to the first, and, having previously- 
slipped between the two marbles pieces of aluminum foil as termi- 
nals to the pencil mark, I bound the whole together with twine. 
These terminals were now connected to the terminals of a soo-volt 
direct current generator and disruptive discharges caused to pass 
between the marbles and over the pencil mark. A one-ampere fuse 
was connected in the dynamo circuit. No current following these 
discharges, the terminal foils were brought successively nearer to- 
gether, testing each time for the passage of dynamo current. Whea 



the electrodes had reached a distance of a quarter of an inch from 
each other the fuse was blown. The terminals were now placed a 
half-inch apart, and oft-repeated tests failed to establish a short 
circuit. The dynamo was now cut out, and upon resting my hand 
on the upper marble, while the discharges were still passing, I no- 
ticed a considerable mechanical shock, and when the twine was re- 
moved the upper block was thrown off. In consequence of this, it 
seemed advisable to provide more space for the discharge. A small 
groove was, therefore, cut in the lower marble from one electrode 
to the other, and well blackened with a lead pencil mark. Dis- 
charges now failed to produce the above mentioned mechanical shock 
or to throw off the cover. It was, however, noticed that after several 
discharges had passed this pencil mark disappeared, having been dis- 
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sipated and apparently scattered over the suiiaces of the two marbles. 
To overcome this difficulty a piece of wood was laid into the lower 
marble between the electrodes, and into this a shallow groove was 
burned. This construction, which is shown in Figure 30, seemed to 
possess some advantages over the one already described — it suggested 
more lasting qualities. Various materials were now tested into which 
■one or more discharge grooves might be burned, such as fiber, felt, 
leather, ivory, boxwood, celluloid, and 
others, but most of these proved un- 
satisfactory for various reasons. With 
fiber, the charred surface was quickly 
worn away ; ivory chipped off in small 
pieces ; both leather and felt crumbled 
away. Lignum-vitse, however, proved 
to be a most excellent material. In 
the final form adopted for this ar- 
rester both upper and lower blocks 
were made of this material, thus ena- 
bling the discharge grooves to be 
burned into the lower block itself, 
and avoiding the necessity of insert- 
ing a discharge piece between the 
metal electrodes. This arrester for 
station use is illustrated in Figure 25 ; 
for line use in Figure 26. The blocks 
are 3 inches wide by 3J inches long 
and I inch thick. Two brass elec- 
trodes each I inch wide are laid into 
_, , the lower block, flush with its sur- 

fece, the distance between electrodes 
being \ inch. The charred grooves are nine in number, and about 
-^ inch wide by gJj inch deep. 

Another and more simple form of this arrester was also con- 
structed. A hole was bored through a solid block of marble, the 
center of which was then filled with a cylindrical block of hard maple 
having grooves burned in on the sides. Solid brass cylindrical elec- 
trodes were then inserted in either end, making a snug fit. But in 
practice these marbles were in many cases split open by the expansive 
force of the discharge, thus demonstrating the necessity of the vent 
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which is obtained by clamping two surfaces together, and between 
which the discharges may pass. 

This device, like the condenser arrester, constitutes a strictly dis- 
criminating lightning arrester. In regard to its action I have been 
asked why a discharge should find an easier passage across a conduct- 
ing film than through a non-inductive conductor having the same 
ohmic resistance as the conducting film. My conception of the case 
is as follows : When a discharge passes through a conductor of more 
or less ohmic resistance the time of discharge is considerable ; there is 
a great strain from all parts of the charged surfaces during the time of 
passage ; and there will be a tendency to discharge or " side flash *' 
along paths normal to the conductor. The passage of the discharge 





Fig. 27. 



may be likened to the passage of tangible matter through a dense 
fluid — there is a gradual yielding of the opposing resistance, but 
nothing is broken. When, however, a discharge passes over a con- 
ducting film as described, there is a sudden breaking down or giving 
way of the dielectric, and this is aided by the presence of the con- 
ducting film. The film, however, does not act in the sense of what 
is commonly called an electric conductor, but as a wedge, splitting the 
dielectric preparatory to the passage of the disruptive discharge. 

The difference between these two cases is very clearly illustrated 
by the discharge of a Leyden jar provided with a pith ball electrom-^ 
eter. Take the arrangement shown in Figure 27 ; while the ma- 
chine is charging the battery of jars the increasing charge can be 
observed by the deflection of the pith ball, until finally a disruptive 
discharge takes place across the arrester or spark gap a, and the pith 
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ball is seen to fall back suddenly, indicating in this manner complete 
discharge. If, however, the gap a be removed and the discharge be 
caused to pass either through the inductive coil c, or in its stead a 
non-inductive high ohmic resistance, the pith ball at the moment 
of discharge will fall part way only, indicating thereby an incomplete 
discharge. The sound of the discharge in the latter case is also very 
different from that in the former — it is more like a thud, suggesting 
opposition to the passage, whereas in the former case the sound is 
that of a crack, indicating something instantaneous and complete. 



The non-arcing property of the arrester is easily understood ; the 
conducting vapors which are necessary to the formation and mainte- 
nance of a dynamo arc are suppressed by the cover, which fits tightly 
over the metal electrodes. In Figure 28 the arrester is seen in oper- 
ation. The terminals of the arrester are connected to the terminals of 
a 500-volt direct current generator. The cover is of glass so that the 
discharges may be seen. In the upper part of the figure, five loo-volt 
lamps in series indicate the dynamo pressure; just below this' and to 
the left is a long horizontal s-ampere fuse ; to the left of the arrester 
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is a spiral choke coil connected in the dynamo circuit and interposed 
between the arrester and the generator. This coil is very similar to 
those which I used in my Colorado experiments. The disruptive dis- 
charges immediately below the arrester represent the means used for 
suddenly charging the dynamo circuit. The discharges across the 
arrester are distinctly seen through the glass cover. When, however, 
this cover is removed, the first discharge establishes a short circuit 
and the fuse is instantly blown, as seen in Figure 29, 



The relative ease with which a discharge will leap over such a sur- 
face in preference to a few turns of large copper wire is illustrated in 
Figure 30, which is taken from a photograph. Figure 3 1 shows the 
arrangement of the apparatus more clearly, a is an arrester such as 
I have been describing, and is provided with a clear glass cover so that 
the discharges may be seen, c is a choke coil connected in parallel to 
a; it is 16 inches in diameter and has seventeen turns of No. o cop- 
per wire. Discharges from a battery of Leyden jars invariably pass 
at A in preference to the path c, as shown in the photograph. 
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A thorough test of these arresters has been made in both Denver 
and Colorado Springs during the past summer. Figure 32 represents 
the equipment used in Denver. There were ten feeders, each feeder 




Fig. 31. 



being provided with three arresters placed three feet apart. These 
are indicated at i, 2, and 3. The object of using three arresters to 
each feeder was to avoid nodal points, s represents the circuit -break- 



Ii8 



Alexander Jay Wurts, 



ers ; T is a tank arrester ; s i the discharge circuits of the tank ar- 
rester; and 4 represents spark gaps in these -discharge circuits. None 
of the arresters were provided with telltale papers, and although they 
were carefully watched during thunder storms no indications were 
observed of passing discharges. After the first storm following their 
installation the writer removed the covers of the upper ten, and of 
these SIX showed marks of discharge ; the remaining twenty were con- 
structed on the "solid marble" pattern, and were consequently difficult 
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and unsatisfactory to inspect. One of the upper ten arresters was 
subsequently dismounted and photographed, and of this Figure 33 is 
an excellent copy, clearly showing the smudge formed by the dis- 
charge over the marble surfaces. 

The only mishap which occurred to any of these arresters was the 
explosion of one of the "solid marble" type. No experimental line 
arresters of this type were used on the Denver plant. In Colorado 
Springs, however, twenty-five were installed on the line and twenty- 
four in the station. Some of these were of the divided kind (see Fig- 
ure 25), others of the solid marble pattern. Nearly all of the latter 
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■were split open by the discharges, while of the former none was dam- 
aged in the slightest degree. One of the line arresters was provided 
with three connections to one feeder, with a spark gap and telltale 




Fig. 34. 



paper in each discharge circuit. This arrangement is shown in Fig- 
ure 34. The connections to the feeder were made about two feet 
apart. After thunder storms each telltale paper was found to be 
perforated, but whether the discharges occurred simultaneously or 
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successively is not known. The perforations shown in Figure 35 
were taken from this arrester. 

This non-arcing railway lightning arrester is eminently suited for 
the protection of direct current circuits up to 1,000 volts. On 1,000- 
volt alternating current circuits from smooth body armatures it also 
operates satisfactorily, but on similar circuits from toothed body arma- 
tures the arresters break down after a few discharges, and a short 
circuit is established. However, it is not impossible that two or three 
of these arresters might be used to good advantage in series on cir- 
cuits of high potential. 



Fic. 3j. 

The especial advantages of this arrester may now be summed up 
as follows : 

1. It offers a direct and non-inductive path to earth. 

2. It is absolutely non-arcing, and consequently requires no atten- 
tion after being once properly installed. 

3. It has no moving parts and there is nothing about it to get out 
of order. 

4. It is small, and therefore easily installed under a car. 

5. It is cheap, and can therefore be used in large numbers on the 
line, on the cars, and in the station. 

6. Its non-arcing property avoids danger from fire, which property 



Non-Arcing Lightning Arresters, 121 

also insures the non-interruption of the system due to blowing of 
fuses and constant throwing of the circuit-breakers.. 

7. Its simplicity and reliability will commend it to every one. 

In my closing Remarks I wish to answer the now old and oft-re- 
peated question, " How many and what kind of arresters would you 
advise us to use on our line } " as follows : The proper nuniber of line 
arresters is that number which will prevent discharges from entering 
the station. Station arresters, if used at all, should be installed with 
the one idea of providing a final opportunity for discharge ; but, as the 
tendency to discharge occurs on the line, often several miles away 
from the station, a sufficient opportunity should be provided there 
where the tendency to discharge originates, and in this manner advan- 
tage may be taken of the large inductive resistance afforded by the 
circuits leading back to the station. If -discharges enter the station 
it is a sure indication that they have done so for lack of sufficient 
opportunity to discharge from the line — for lack of a sufficient num- 
ber of line arresters. 

It is well to protect dynamos with lightning arresters. It is better 
to avoid the necessity of this protection by discharging the line. 

It is even well to use a lightning arrester having a circuit inter- 
rupting attachment. It is better to avoid the necessity of a circuit 
interrupting attachment by using a non-arcing arrester. In fact, an 
ounce of prevention is always better than a pound of cure. 



122 Henry J, Williams, 



SMOKE PREVENTION. 

By henry J. WILLIAMS, A.B. 
Read May lo, 1894. 

In dealing with the interesting problem of smoke preventioni 
which claims our attention this evening, the short time at my disposal 
will only permit me to indicate very briefly in what directions attempts 
have been made for securing this desirable end, show what progress 
has been made, and point out how far the solution of the problem is 
possible and how far impossible. 

Smoke is almost invariably produced wherever bituminous coal is 
largely used, for its complete combustion is rarely realized. 

Anthracite coal and coke are flameless fuels, and do not produce 
smoke ; while gas, which is only used at present in rare cases, is an 
ideal fuel, for when properly mixed with air it can be burned without 
causing any smoke. For manufacturing purposes, however, nearly all 
these smokeless fuels are out of reach, owing to their high cost. 

The most flagrant examples of the smoke nuisance are to be found 
in Western cities, notably Pittsburg, the great "Smoke Producer," 
Cincinnati, Cleveland, Chicago, and St. Louis, where the eflForts of 
Smoke Commissions have for some years been directed towards study- 
ing and abating the evil. We can learn a great deal from the experi- 
ence of these cities. 

# 

• A large part of the smoke is directly traceable to domestic fires, 
where the combustion is generally conducted in a very slovenly man- 
ner. The methods of preventing this smoke from domestic bitumi- 
nous coal fires have, unfortunately, not been sufficiently studied, and 
the only remedies that suggest themselves are to use coke or anthra- 
cite coal. Although gas is still comparatively expensive for this pur- 
pose, the question might advantageously be looked into, whether gas, 
the consumption of which can be closely regulated and which can be 
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extinguished when not wanted, would not, when burned in an im- 
proved form of fireplace or stove, even at present prices, prove very 
nearly as economical for heating dwellings as the ill-managed coal fires 
which are kept burning all the time, and which yield in open grates, 
at best, only about 7 per cent, of the heating power of the coal. 

Without stopping to consider the metallurgical and other opera- 
tions which are compelled to use smoky fires so as not to oxidize or 
destroy their products, the great bulk of the smoke is caused by the 
numerous boiler fires and power plants, for both have to contend 
with the ignorance of firemen whose only care appears to be to keep 
up the requisite amount of steam, regardless of consequences. 

The coals used for steaming purposes usually carry from 20 to 
3 5 per cent, of volatile matter. To put it very briefly : 

This volatile matter consists of combined water and lighter hydro- 
carbons of the character of marsh gas, which will burn without smoke, 
together with a whole series of simple and complex heavy hydrocar- 
bons, which are more troublesome. At a red heat dissociation readily 
occurs, carbon is set free, and a reaction something like the following 
takes place : CgH^ = CH^ + C. 

It is this separated carbon which is the cause of what we call 
smoke, for unless the products of combustion are kept at a very high 
temperature, probably not far from 2000° F,, and are thoroughly 
mixed with an abundance of heated air, the carbon will be carried 
along by the rapid draught, and will pass out unchanged as visible 
smoke. 

Now the conditions necessary for complete combustion are scarcely 
ever realized in ordinary hand-firing of boilers ; on the contrary, they 
are more nearly as follows : First, the furnace doors are opened every 
fifteen or twenty minutes for charging, and torrents of cold air rush 
in and cool the products of combustion ; second, the cold fuel reduces 
the temperature of the hot bed of coals, and, moreover, requires time 
to reach the degree of heat of the furnace ; third, the volatile matter, 
moisture, and combined water, the latter amounting in some cases to 
15 or 20 per cent., as they escape in the form of gas^ps or vapor, absorb 
and carry off a considerable amount of heat ; fourth, when air first 
strikes the fuel it forms more or less carbonic dioxide, and when a 
large portion of this becomes reduced to carbonic oxide by the glow- 
ing fuel it too absorbs heat during this reduction, only a part of which 
is recovered during the combustion which follows ; fifth, above the 
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now comparatively cool fuel bed we have an escape of combustible 
gases, as they are distilled from the coal, but unfortunately these are 
mixed with the large amounts of nitrogen and carbonic dioxide which 
come off at the same time. The latter act like a blanket, and do 
their best to prevent the combustible gases from uniting with the 
oxygen of the draught. If these gases accidentally become cooled 
below a certain pointy we may have what would otherwise seem to be 
impossible, viz. : Combustible gases existing side by side with free 
oxygen without combining. And so we see that combustion, which 
ordinarily appears to be a simple matter, is a very complex one when 
it takes place under a boiler. 

Furthermore, if the air of the draught, which contains but one 
volume of free oxygen to four volumes of inert nitrogen, has to pass 
through a thick bed of glowing coal before mixing with the combusti- 
ble gases which are escaping above the fire, it will practically have 
been deprived of the whole of this free oxygen without which the 
combustion of these gases is impossible. More or less draught above 
the fire is, therefore, necessary, unless the fire is very thin, and it 
must be obvious to all that this draught should be highly heated 
to be able to lessen the smoke by the combustion of the separated 
carbon which causes it. 

There is a current notion that abundant smoke means the loss of 
a large amount of fuel. In reality this loss is so small as to be insig- 
nificant. Experiments conducted for many hours have been made 
where the smoke was carefully filtered or washed, and the collected 
carbon weighed. The extreme limits of loss, with very smoky fires, 
lie between \ and ^ of i per cent., which represents only from 6.7 to 
10 pounds of carbon lost per ton of coal used. 

The all important requirements for a wholly successful smoke pre- 
venting device appear to be : 

I. Efficiency. 2. Capacity. 3. General Applicability. 



I. EFFICIENCY. 

ft 

This includes : First, the development of a high temperature com- 
bined with oxidizing action, so as to insure the combustion of the 
separated carbon ; second, regularity of action under varying condi- 
tions, such as charging fresh coal, cleaning fires, inattention of fire- 
men, etc. ; third, the device should not be liable to get out of order 
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under ordinary conditions of use; fourth, there should be little, if 
any, increase in the cost of operating. 



2. CAPACITY. 

The capacity should be such that efficient action will be secured, 
not only when the boiler is working up to its full rated capacity, but 
-even when forced in order to meet extraordinary demands. 

3. GENERAL APPLICABILITY. 

This includes : First, ready adjustment to all forms of boilers and 
boiler settings ; second, comparatively low first cost ; third, repairs 
smaU ^.in number, easily made, and at small cost ; fourth, application 
where space is already limited ; fifth, operation without injury to boil- 
ers or other accessories. 

There are devices without number that have been proposed for 
remedying the smoke nuisance, many of which totally disregard the 
fundamental principles of combustion. Among the better ones there 
are few indeed that are not capable of doing all that they claim under 
special conditions ; but the severe and all important test which few are 
able to pass is that of capacity. 

In St. Louis some furnaces, which bum only from eighteen to 
twenty pounds of fuel per square foot of grate area per hour, are capa- 
l)le, when provided with the better devices, of showing good smoke 
records. As a general rule, however, this fuel consumption is greatly 
exceeded during the greater part of the time of their operation, and 
it is not at all uncommon to find boilers forced to the extent of burn- 
ing thirty pounds of coal per square foot of grate per hour. It is 
almost needless to point out that this veiy general overtaxing of the 
boilers, which also prevails in the majority of our Eastern factories, 
is accountable for the greater part of the trouble, and a long stride 
towards reducing the smoke can be made by simply increasing the 
capacity of the boiler plants. 

Smoke preventing devices generally reduce the capacity of the 
boilers ; for example, in Chicago, where conditions somewhat similar 
to those mentioned prevail, the results of thirty-nine careful tests with 
smoke preventing furnaces on an average showed only 74 per cent. 
of the capacity of the ordinary furnaces in burning coal, while they 
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reduced the work of the boilers 28 per cent., and required about 
2 per cent, more coal to do the same work. 

Finally it may be stated, without fear of successful contradiction, 
that not one of the devices so far brought forward is capable, in its 
present form and application, of fully meeting and satisfying all the 
requirements stated above. 

The problem of complete smoke prevention where the fuel is ap- 
plied directly remains, therefore, still unsolved to-day ; but a great deal 
has been done in the way of controlling and mitigating the evil, and 
I shall now give a brief outline of the more important systems that 
have been proposed with this object in view. They are nowhere 
better stated than in the reports of the St. Louis Smoke Commission, 
where they have been classified under seven heads. 

I. Steam Jets. 2. Firebrick Arches or Checker Work. 3. Hol- 
low Walls "for Preheating Air. 4. Coking Arches or Chambers. 
5. Double Combustion. 6. Downward Draught Furnaces. 7. Auto- 
matic Stokers. 

I. STEAM JETS. 

These may be placed in a variety of positions, above or below the 
fire, in the side walls, or even in the bridge wall, the object being to 
hasten combustion by promoting the mixture of combustible gases 
with hot air. Where the heat is high and the charging of the coal is 
moderate and regular, they yield fairly satisfactory results ; but where 
the firing is careless and too much coal is put in the temperature is 
lowered, and the action of the jets tends to retard rather than to pro- 
mote combustion. The jets must also be carefully adjusted to the 
varying requirements which are made upon the boilers, a thing which 
with ordinary firemen is never attended to properly, and they are apt 
to cause injury by exercising a blowpipe action upon the boiler shell. 
With ample boiler capacity and not too variable service, and with skill- 
ful and reliable firemen, steam jets can be made to yield satisfactory 
results, but not without some increase in the cost of operating. 

2. FIREBRICK ARCHES ^ND CHECKER WORK. 

These may be placed near the rear end of the fireplace or over 
the bridge wall. They cause the smoke, gases, and air to pass through 
a constricted passage close to the fire bed, and serve not only to re- 
flect the heat, but as strong accumulators of heat which tend to main- 
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tain a uniformly higher temperature. The checker work serves the 
same object in a different way by dividing up the general volume of 
smoke and gases into a number of small currents. With careful firing 
both of these appliances can be made to yield good results, but only 
to a limited extent, and another and more serious objection is their 
want of durability and consequent high cost for repairs, accompanied 
by frequent interference with regular operation. 

3. HOLLOW WALLS FOR PREHEATING AIR. 

A number of patents have been taken out based upon the system 
of providing hollow walls for preheating the air of the draught ; but 
the latter generally fall short of the requirements, owing to their lack 
of capacity and tendency to become clogged. 

4. COKING ARCHES OR CHAMBERS. $. — DOUBLE COMBUSTION. 

The same may be said of coking arches or chambers, for these lack 
durability, owing to the fluxing action of the ash combined with ex- 
posure to very high temperatures ; while the double combustion fur- 
naces which have two fireplaces alternately fed, the hot gases of one 
passing over or through the other, labor under the disadvantage that 
large volumes of useless gases pass through the fires and carry off by 
absorption large amounts of heat. 

6. DOWNWARD DRAUGHT FURNACES. 

This system seems more promising. The fuel is charged on top, 
as usual, but the air and gases are made to pass downward through the 
glowing bed of coals, thereby becoming heated and bringing about a 
more perfect combustion. The grate bars are generally hollow tubes 
filled with water, which are connected with a water-leg and made part 
of the boiler system. They require to be set a little further apart 
than ordinary grate bars, but where caking coal is used little fuel 
drops through. Sometimes an auxiliary common grate is placed below 
to catch these coals, air being admitted below this grate to complete 
the combustion. This system is well adapted to insure a good smoke 
record, and has the advantage of being readily attached to a variety 
of boilers ; but it is liable to defects of construction, the water tubes 
may be subjected to unusual strains at the joints, and the latter are 



128 Henry J. Williams. 

• » 

not wholly reliable. The system, however, gives great promise for 

the future and is well worth the study required to secure the needed 

improvements.^ 

7. AUTOMATIC STOKERS. 

Finally we have an innumerable number of devices for supplying 
coal to the fire bed continuously, in place of the irregular and unrelia- 

m 

ble service of the ordinary fireman. The fuel is introduced in a great 
variety of ways, but as a general rule it is delivered from a hopper 
above or in front of the fire bed, over a fixed or inclined grate or 
a movable inclined step grate. The grate bars are made to move 
automatically, one or more at a time, with a sort of rocking motion 
which slowly and continuously pushes the coal forward as it drops 
over the steps of the grate. Time is thus allowed for the coal to 
heat gradually and to go through the coking process, the volatile mat- 
ter, meanwhile, having to pass over the highly heated bed of glowing 
coal, which is not intermittently cooled by additions of cold fuel. By 
the time that the fuel reaches the end of the grate nothing but clink- 
ers and ashes should fall over into the ash pit. With such a system 
of continuous firing many of the disadvantages arising from the cool- 
ing of the products of combustion in the ordinary system of hand- 
firing are avoided, and it may fairly be said that many of the most 
efficient smoke reducing devices are to be found among the better 
grades of mechanical stokers. But for all that the success of mechan- 
ical stokers in preventing smoke must not be overrated^ for they 
have serious limitations and may, in some cases, prove to be wholly 
ineffective. 

To work well the coal must be properly sized, for they cannot be 
successfully run with lump coal or the "run of the mine ; " they can- 
not be used at all with caking or clinkering coals, as the grate bars 
become choked and their action is impeded. The author has seen 
Roney stokers, which worked beautifully with Pittsburg steaming 
coal, or with any other high grade coals' such as are used through- 
out New England, but which were remarkably irregular in their action 



* Great improvements in this furnace have recently been made. The under grate also 
now consists of a set of water tubes connected by elbows with upright tubes screwed 
directly into the water-leg under the boiler. The hot gases, as they bum, are made to pass 
between these vertical tubes, which materially add to the heating surface of the boiler and 
greatly improve the circulation of the water. The cooling of the gases which escape from 
the coal appears to be prevented, and the smoke production is, therefore, greatly reduced. 
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when run with *he ordinary grades of Illinois coal, carrying from 1 7 
to 18 per cent, ash, which are used in St. Louis. Clinkers weighing 
over 100 pounds were not an infrequent thing, one of which, in the 
author's presence, required three quarters of an hour to take out. 
It is not an easy matter to remove such clinkers from an inclined 
step grate, and the fireman is all too apt to neglect doing the work 
thoroughly. When they are of frequent occurrence the life of the 
grate bars is brief and their cost foots up to a considerable sum, 
while the delays which are occasioned may be fatal to the use of 
mechanical stokers. Another serious objection is that mechanical 
stokers do not respond quickly to increased demands made upon 
them. In a power house for a street railway the boilers may, in 
the short space of fifteen or twenty minutes, be called upon to 
double or treble the amount of work that they have been doing, 
owing to sudden increases in the amount of travel, which cannot 
always be foreseen. There are few mechanical stokers that can 
respond to such demands in less than three quarters of an hour, in 
spite of the devices with which they are provided for regulating 
their speed. 

Where the boiler capacity is ample and where uniform steam 
pressure is required, also where the fuel is of good quality, mechanical 
stokers are very satisfactory and can be run with a minimum produc- 
tion of smoke ; but just as soon as they are driven beyond their capac- 
ityy and the same may be said of all other smoke preventing devices, 
without exception, the furnaces return to their evil ways, and the tor- 
rents of black smoke which issue from their stacks would fully justify 
the name of "smoke producers" instead of "smoke preventers." 

One thing more before leaving this subject. Mechanical stokers 
require to be run with more or less intelligence, or they will be found 
to burn coal wastefully and prove to be expensive luxuries. A number 
of analyses of their flue gases which the author once made, out of 
-curiosity, in St. Louis, in one of the large electric light and power 
plants, while examining the flue gases of a hand-fired boiler during 
a boiler test, revealed startling conditions which illustrate this point. 
An excess of air in the flue gases is no doubt necessary for good 
combustion and for the maintenance of a brisk fire, but this condi- , 
tion can be realized with about 25 per cent, excess air, anything 
above this merely serving to cool the products of combustion and 
representing, therefore, wasted fuel. The analyses revealed 75 per 
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cent, excess of air in the flue gases from a battery of six mechanical 
stokers, which at the time were in their normal condition of work- 
ing and were not being driven. The company was no doubt much 
interested to learn that, under the prevailing condition of running, 
50 per cent, of this air was continuously and to no purpose swell- 
ing the yearly coal bills. 

The present aspect of the smoke problem is encouraging. The 
subject of combustion has been studied and is now better understood 
than it was, and while it still seems difficult to prevent smoke from 
bituminous coal fires altogether, unless we make use of fuel gas, yet 
the work of the various Smoke Commissions, and particularly those 
of* Cincinnati and St. Louis, is bearing fruit, and compliance with the 
conditions which I have mentioned at present succeeds in abating 
about 75 per cent, of the smoke from boilers. In Chicago ordinances 
have been on the statute books for ten years, but they are ill enforced. 
Pittsburg has a smoke ordinance for the East EiTO or residence por- 
tion of the city, but has done nothing towards abating the nuisance 
in the manufacturing districts, where the problem is very difficult 
to handle. In Cleveland nothing has been done except to agitate 
the question. In St. Louis the commission sees that the law is 
enforced, regularly makes boiler tests and trials of new smoke pre- 
venting devices, and assists manufacturers in every possible way in 
adopting the device which is best adapted to their needs. 

Among a number of good devices which have come to the author's 
notice, one of the most efficient is the Standard Smokeless Furnace 
of St. Louis. This furnace combines the action of a mechanical 
stoker with an arrangement for coking the coal on a sort of coking 
plate before it is actually delivered to the step grate. It has been 
carefully tried by the commission and found very satisfactory. It in- 
creases the efficiency of the furnace from 10 to 20 per cent., main- 
tains an excellent smoke record, and is capable of developing the full 
boiler capacity, but requires approximately half an hour's time to do 
so. It is readily adaptable to ordinary boilers, is moderate in cost, 
considering the saving in fuel realized, and is most efficient where 
the service is fairly regular or where at least half an hour's notice of 
an increased demand for steam can be given. 

I have stated that the use of gas would solve the question of 
smoke prevention. Coal gas and water gas are out of the question 
for manufacturing purposes, owing to their high cost ; but fuel gas^ 
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which has been manufactured experimentally from Illinois coal at as 
low a cost as 8 cents per i,cxx) cubic feet, appears at first sight to be 
within our reach. 

This subject has been fully investigated in Pittsburg, and I will 
close this paper by presenting the figures which were there obtained, 
so that the present prospects of our being able to use gas for a 
fuel may appear. 

One thousand cubic feet of the above mentioned gas has a calorific 
value of 243,391 heat units, which is equivalent to 5,053 heat units 
per pound of coal employed in making this gas, for 48. 1 7 pounds of 
coal are required to make 1,000 cubic feet of gas. By direct calo- 
rimeter test the coal yielded 11,173 heat units, so that the efficiency 
of the gas from i pound of coal is 45.2 per cent. 

Now I pound of coal by direct application shows a theoretical 
evaporation of 11.56 pounds of water, whence the gas from i pound 
of coal will theoretically evaporate 45.2 per cent, of 11.56, or 5.25 
pounds of water. 

Let efficiency in use of coal directly applied equal 50 per cent 

Let efficiency in use of gas directly applied equal 90 per cent. 

Let cost of coal equal 6 cents per bushel, 
and we have : i pound of coal with an efficiency of 50 per cent, will 
evaporate -^-^ of 11.56, or 5.78 pounds of water; while the gas from 
I pound of coal with an efficiency of 90 per cent, will only evaporate 

Tjnr ^^ 5*^3» ^^ 4-7^ pounds of water. 

To evaporate 1,000 pounds of water we therefore require, with 
coal, ^,Y-§-, or 173 pounds of coal at 6 cents per bushel = 13 cents; 
with gas, ^!y\^, or 212.3 pounds of coal equivalent to 4,400 cubic feet 
of gas at 8 cents per 1,000 cubic feet = 35.2 cents. 

It is therefore evident that with coal at 13 cents, and the calorific 
equivalent of this coal in the form of gas at 35.2 cents, the use of fuel 
gas, and consequently of the more costly illuminating and water gases, 
is out of the question. 

I must also add that the above figures are even too favorable to 
the gas. Its price, 8 cents per 1,000 cubic feet, merely represents the 
cost of manufacture without any allowance for cost of distribution, 
which would double or treble the expense ; also that the efficiency of 
gas taken at 90 per cent, is rarely realized under boilers, and would be 
nearer 60 or 70 per cent. 

These figures would make the gas equivalent of coal cost more 
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nearly eight or ten times as much as coal, but the above figures are 
interesting as they show about the best results that we can expect 
to reach in the future, even with the cheap Illinois coals. 

We must, therefore, for the present use coal, and if we bum it 
with all the skill that an intelligent study of the question dictates, 
there is no necessity for producing more than a moderate amount of 
smoke. 

Note. — At the time that the above paper was read, a paper describing the Jones 
Under-Feed Mechanical Stoker was presented. This appliance has many excellent qualities 
to recommend it, and is in all respects true to the correct principles of combustion. The 
fresh coal is fed from below by means of a ram, and the combustible gases have to pass 
through about twenty inches of glowing coal, while the draught is maintained by means of 
a set of tuyere holes placed some distance below the surface of the glowing coals, the sup- 
ply of air from which can be regulated. One great advantage appears to be that the fire 
can quickly be driven up to the full capacity of the boilers. If this device proves to be 
durable and to require few repairs, and is also of sufficiently low cost, it bids fair to be 
considered one of the best appliances yet proposed for insuring perfect combustion under 
boilers and for preventing smoke. 



/ 
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RESULTS OF TESTS MADE IN THE ENGINEERING 

LABORATORIES. 

I. APPLIED MECHANICS. 

The present paper is the first of a series in which it is pro- 
posed to publish such results of tests made as part of the regular 
work in the Engineering Laboratories of the Institute as may be 
of interest to the engineering public. Tests made in connection 
with thesis work will not be included. 

The tension and compression tests of steel, wrought iron, and cast 
iron, together with the miscellaneous tests, were made in a 50,000 
pound Olsen testing machine. The elastic limit and modulus of elas- 
ticity were calculated from micrometer readings of elongation taken on 
opposite sides of the specimen. 

The tests on iron and copper wire were made on a rope testing 
machine up to December, 1892. Those in 1893 and 1894 were made 
in a machine constructed especially for wire testing. The modulus 
of elasticity and elastic limit were determined by measuring with a 
micrometer the extension in 100 inches. 

The torsion tests were made in a special machine erected in the 
laboratory in August, 1893. The machine is capable of twisting off 
a 3-inch wrought-iron shaft 21 feet long. This apparatus, together 
with the measuring device and method of operation, was quite fully 
described in Vol. VI, No. 4, of the Technology Quarterly, 

The rope tests were caqried on in a testing machine built for that 
work. The machine requires a specimen about 10 feet long, and allows 
for a stretch of 4 feet. The capacity is 30,000 pounds. The eye 
splices by which the rope was held in the majority of cases were 
made by two sailors accustomed to splicing. 

The beam tests up to 1 892 were all made on a SO,ooo-pound trans- 
verse machine, 26 feet span. Of the tests in 1892-93, some were made 
on the so,ooo-pound machine, and some on a smaller machine having 
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a capacity of 18,000 pounds in a 14 feet span. In the summer of 
1893 the old wooden frame so,ooo-pound machine was replaced by 
an iron machine of 100,000 pounds capacity, 26 feet span. The tests 
in the last half of 1893 and in the first half of 1894 were divided 
between the 100,000-pound machine and the i8,ocx>-pound machme. 
In the 50,000 and 100,000 pound machines the load was applied by 
raising the ends of the beam by jack-screws and holding down at the 
center with a yoke attached to the weighing system. In the 18,000- 
pound machine the load was applied to the beam through one jack 
at the center, and the supporting force at one end w^as weighed. 

The modulus of elasticity was obtained from deflections taken 
by micrometers at each side of the beam. The micrometers were 
attached to a frame fastened at the neutral axis in the center of the 
beam, and made contact with fine piano wires stretched, one on either 
side, over pins driven into the beam at the neutral axis, directly over 
the supports. 
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CAST IRON TENSION. 
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Date. 




•3.S 


el. 

3 ** 





Remarks. 




a 
E 




Js3 


odul 
icity 






s 


o-- 


s-^ 


s** 




March i ' 


1 .02 X 1 .04 


1.063 


19.340 


14,857,000 




March a 


1.03 X 1.02 


'1.047 


a3»9«o 


15,481,000 




March 7 


I.OO X .98 


.9844 


21,180 


15,238,000 




March 16 


1. 00 X .97 


.9687 


23,227 


15,881,000 




March 22 


1.02 X X.06 


1.079 


19,830 


»4,539.ooo 




March 31 


I.OO X 1.03 


1.03 1 


20,413 


17,632,000 




Oct. 27 


.93 X I.OO 


.9300 


16,774 


14,337,000 




Oct. 28 


I.OO X I.OO 


I.OO 


iS,6oo 


•5.383,000 




Oct. 31 


1.00 X I.OO 


I.OO 


18,000 


16,666,000 




Nov. 5 


1 .00 X 1 .00 


I.OO 


19,400 


17,911,000 




Nov. 7 


I.OO X I.OO 


I.OO 


20,950 


15,789,000 




Nov. 9 


I.OOX I.OO 


I.OO 


22,900 


15,000,000 




Nov. 14 


I.OOX I.OO 


I.OO 


22,400 


15,564,000 




Nov. 14 


I.OO X I.OO 


I.OO 


21,300 


15,384,000 




Nov. 15 


I.OOX 1.02 


I.02 


19,69a 


15,966,000 




Nov. 17 


i.oa X 1.03 


I.047 


21,005 


15,075,000 




Nov. 18 


1.076 X 1.233 


».327 


20,600 


11,900,000 




Nov. 21 


I.OO X 1.031 


I 031 


17,067 


12,676,000 




Nov. 28 


I.OO X 1.031 


1. 03 1 


19,900 


12,929,000 




Nov. 28 


.98 X 1.03 


1.015 


16,404 


12,577,000 




Nov. 28 


I.OO X 1.02 


1.015 


16,450 


12,570,000 




Nov. 29 


I.OOX I.OO 


I 00 


17,100 


13,333,000 




Dec. 1 


I.OO X 1.02 


1.02 


19,068 


13,680,000 




Dec. 2 


I.OO X I.OO 


I.OO 


18,000 


13.333. <»o 




Dec. 5 


I.OO X 1. 016 


I.0I6 


19,299 


i2,o57,coo 




Dec. 8 


1.06 X .98 


I 029 


17.488 


13,249.000 




Dec. 9 


I.OOX .984 


.9840 


19.500 


13,250.^100 




Dec. 12 


1.02 X 1.02 


1. 03 1 


20,747 


14,543,000 




Dec. 13 


1.03 X I 03 


I 063 


18,620 


13,434.000 




Dec. 16 


I.OO X I.OO 


I.OO 


18,910 


13,043,000 




March 29 


I.OO X 1.00 


I.OO 


19,900 


15,000,000 




April 3 


1.00 X i.ot6 


I.0I6 


»9.594 


13,373.000 




April 3 


1. 01 X 1.03 


1.04 


16,341 


13,108,000 




April 4 


i.oi X 1.03 


1.04 


13.844 


13,640,000 




April 5 


1.02 X 1.08 


I.OI2 


U.798 


11,840,000 




April 7 


1.00 X I 02 


1.02 


17.647 


12,787,000 




April xo 


1.03 X 1.03 


1. 061 


14,025 


12,568,000 




April II 


1.04 X I.02 


1.060 


15.083 


13,466,000 




April 14 


I.oa X 1.04 


f.o6o 


16,874 


9.75«,900 




April 18 


I.OO X I.OO 


1.00 


20,000 


13,043,000 
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COMPRESSIVE TESTS, WROUGHT IRON. 



Date. 
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i 


^ 


80 


S8 


X 


ul 1 
Inch 


II 


iS^ 


3^ 



I 



3 • 

1^ 



Reroarica. 



1887. 
Nov. I 
Nov. 1 1 
Nov. 14 
Nov. 17 
Nov. 31 
Dec. I 
Dec. 12 
Dec. 14 
Dec. 28 
Dec. 2q 

1888. 
Feb. 14 
Feb. IS 
Feb. 24 
March — 
March 20 
Nov. 12 
Dec. 10 
Dec. 17 
Dec. 26 

1889. 
Feb. 28 
March 27 



1.003 dia. 



1.007 
Z.006 



1.007 
1. 005 
1.008 
1.006 

.8788 X .8780 
.514 X 1.009 

1.007 dia. 
.878 X .878 

1.008 dia. 
.997 dia. 
.998 dia. 
.998 dia. 
•9975 dia. 

.9965 dia. 
.9962 dia. 



.7901 

•7971 
•7964 
.7948 

.7983 
.7950 
.7970 

•7939 
.7980 

.7949 

.7716 
.5186 

.7964 
.7718 
.7980 
.7807 
.7822 

.7823 
.7816 

.7799 
•7794 



6.0 


5.0 


60 


S-o 


6.0 


SO 


6.0 


5.0 


6.0 


S-o 


6.0 


5.0 


6.0 


5.0 


6.0 


S.O 


6.0 


5.0 


6.0 


5.0 


4.0 


»-995 


• • • 


398 


6.0 


5.0 


3.0 


»99S 


6.0 


5.0 


6.0^ 


50 


6.0* 


50 


6.0 


50 


6.0 


5.0 


6.0 


50 


6.0 


SO 



•9,300,000 
27,274.000 

27,4i4iOOO 
27,570,000 
27,090,000 
29,028,000 
27,248,000 
28,306,000 
29,480,000 
a5.58s.000 

aS.727.oa> 

25,707,000 
26,806,000 
25,665,000 
27,241,000 
27,253,000 
27,700,000 
24,350.000 
26,120,000 

27,281,000 
26,720,000 



American 
American 
American 
American 
American 
American 
American 
American 
American 
American 



T00I& 
T00I& 
T00I& 
T00I& 
Tool ft 
Tool ft 
T00I& 
Tool ft 
Tool ft 
Tool ft 



Machine Co. 
Machine Co. 
Machine Co. 
Machine Co. 
Machine Co. 
Machine Cov 
Madiine Co. 
Machine Co. 
Machine Co. 
Machine Co. 



Cut from comp. side of beam No. i. 
Cut from tension side oif beam No. t. 

Cut from beam No. i. 
American Tool & Machine Co. 
American Tool & Machine Co. 
American Tool & Machine Co. 
American Tool & Machine Co. 
American Tool ft Machine Co. 

Atnerican Tool & Machine Co. 
American Tool & Machine Co. 



COMPRESSIVE TESTS, CAST IRON. 



Date. 



1887 
Oct. 
Oct. 
Oct. 
Oct. 
Oct 



8 

15 
21 

*5 

28 



1888. 
Feb. 17 
March 7 
March 13 
March 1 
March 29 
April 
April 
Oct. 
Oct. 
Oct. 
Oct. 
Nov. 
Dec. 
Dec. 
Dec. 

1889. 

ian. I 
larch I 
March 12 
March 12 
March 15 



2 
10 
II 
16 

»7 
21 

28 

5 

5 

31 



B 
O 



• 




• 







♦« 


•rf 


JS 


bfl 


u 


t 


c 


al Se 

in.) 


Leng 
hes.) 




iM' 


3^ 


IJ 


hr 


(2^ 






.8759 X .8769 

.8766 X .8766 

. 880 X. 881 

.875 X .875 



1.004 X 
1.006 X 
1.006 X 
z.006 X 

I.OO X 
I.OO X 

I 001 X 

1.003 X 
1.059 X 
1.008 X 

1.004 X 
1.004 X 

1.004 3C 

1.004 X 
1.002 X 



1.003 
1.003 
1.003 
1.003 

I.OO 
I.OO 

1. 001 
1.003 
059 

006 
004 
004 

004 
004 



1.002 



1.004 X i.oos 

1.002 X 1. 001 

1.003 X 1.003 

1 .003 X 1 .003 

1.004 X 1.004 



.7681 


3.71 


1 
45 


.7664 


3.60 


4.5 


.7753 


3-59 


4.5 


.7656 


3.62 


45 


.7712 


3.62 


4.5 


1.007 


4.00 


5.0 


1.009 


3-99 


5.0 


1.009 


400 


SO 


1.009 


4.00 


5.0 


I.OO 


3-99 


SO 


I.OO 


4.00 


SO 


1.002 


4.00 


5.0 


1.006 


4.02 


5.0 


1. 121 


4.00 


5.0 


1. 014 


4.01 


5.0 


».oo8 


4.00 


50 


1.008 


/,.o 


5 


1.008 


40 


50 


1.008 


4.0 


5.0 


1.004 


40 


50 

• 


1.009 


4.0 


50 


1.003 


4.0 


50 


1.006 


4.0 


5.0 


1.006 


4.0 


5.0 


1.008 


4.0 


50 



(4 



M 

•o D 

©•a 



13,801,000 
11,663,000 
11,576,000 
10,363,000 
19,957,000 

10,709,000 
9,049,000 
8,157,000 
8,156,000 
8,400,000 

8,649,CKX} 
7,523,000 
11,52^,000 
9,843,000 
11,123,000 
10,761,000 
10,987,000 
11,900,000 
12,200,000 
12,528,000 

11,330,000 
11,394,000 
12,915,000 
12,723,000 
13,200,000 



Remarks. 



So. Boston Iron Works. 
So. Boston Iron Works. 
So. Boston Iron Works. 
So. Boston Iron Works. 
So. Boston Iron Works. 



Cut from beam No. i. 
Cut from beam No. i. 
Cut from beam No. i. 



American Tool & Machine Co. 
American Tool & Machine Co. 
American Tool & Machine Co. 
American Tool & Machine Co. 
Cut from interior of beam No. 3, T section. 
Cut from comp. side beam No. 3. 
Cut from interior of beam No. 3. 
Planed. American Tool & Machine Co. 
American Tool & Machine Co. 
American Tool & Machine Co. 
American I'ool ft Machine Co. 
American Tool ft Machine Co. 
American Tool & Machine Co. 
American Tool & Machine Co. 
American Tool ft Machine Co. 

! American Tool ft Machine Co. 
American Tool ft Machine Co. 
American Tool ft Machine Co. 
American Tool ft Machine Co. 
American Tool ft Machine Co. 
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IRON WIRE TESTS. 



Date. 






1887. 


Oct. 




Oct. 




Oct. 




Oct. 




Nov. 




Nov. 




Nov. 




Nov. 




Nov. 




Nov. 




1889. 


Oct. 


Ti 


Oct. 


^1 


Oct. 


2S 


Oct. 


22 


Oct. 


22 


Nov. 


I 


Nov. 


4 


Nov. 


7 


Nov. 


8 


Nov. 


13 


Nov. 


n 


Ncv. 


14 


Nov. 


18 


Nov. 


20 


Nov. 


as 


Nov. 


26 


Dec. 


6 


Dec. 


q 


Dec. 


Q 


Dec. 


12 


Dec, 


16 


Nov. 


I 



1890. 
Feb. 25 
Feb. 27 
March 10 
March 12 
March 17 
March 18 
Oct. 13 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Dec. 
Dec. 
Dec. 



16 

s»7 
20 

23 
24 
*7 
7 
»3 
14 

»7 
18 

19 
20 
10 
II 
12 



1891. 

March 2 

March 3 

March 4 

March 4 

March 5 

March 5 



.'35 
•»35 

.192 

.192 

.19a 

.19a 

'35 

«35 
.105 

.105 



• 1744 

.»744 

.1073 

.1740 

.1070 

.0800 

.0805 

.1091 

.0800 

.1050 

.1050 

.1050 

.1050 

.1075 

.1050 

.0800 

.0800 

.0800 

.080 

.oSi 

.1095 

•175. 



.J33 

■»33 

.1334 

.1328 

.1327 

.1327 
.1212 
.1250 
.1219 
.1195 
.1225 
.ti88 
.1206 
.1222 
.1217 
.1198 
.1190 
.1219 
 1215 
.1210 

.»3S9 
.1360 

.1360 



.1362 
.1360 
.1360 
.1360 

•«3S6 
.1358 



a 
o 

I 

Wo- 
•3.S 

1^ 

O 



<>-* 


^-s 


•d.S 


c 


It 


.dsr 


i^ 


It 


•i-^ 


\i 


Sd 


Sd 


S 


\A 



w 



•8:2 



.01431 


70,006 


.01431 


74.752 


.0289# 


69,080 


.02895 


68.385 


.02895 


72,879 


.02895 


, 72,180 


.01431 


67,772 


.01431 


7 ',263 


.008659 


63,5'7 


.008659 


70,448 


.0239 


66,392 


.0239 


66,391 


.00902 


72,049 


.0238 


66,849 


.0090 


64,444 


.005027 


69.032 


.003090 


68,697 


.009348 


62,594 


.005027 


70,000 


.008659 


66,870 


.008659 


67,210 


.008659 


67.300 


.008659 


67,675 


.009076 


^3.570 


.00S659 


67,560 


.00503 


70,029 


.00503 


70,425 


.00503 


69,032 


.00503 


69,630 


.00515 


68,509 


.009417 


55,900 


.02405 


68,398 


.01389 


70,395 


.01389 


70,216 


•01397 


69,929 


.01380 


69,625 


.01380 


70,430 


.01380 


7».437 


.0115 


69,fxK) 


.01227 


66,239 


.01167 


68,370 


.0112 


65,530 


.0118 


69,070 


.01109 


73,616 


.0114 


68,980 


.01165 


69,320 


.0116 


70,320 


.01127 


72,567 


.01112 


73,097 


.01165 


69.775 


.01158 


66,780 


.0115 


69,831 


•OM53 


66,979 


•01453 


67,667 


•01453 


64,225 


.01460 


67,125 


.01453 


68,357 


■01453 


65,603 


.01450 


69.045 


.01440 


7»,740 


.01450 


67,180 



35.810 

'5,7»8 
40,648 

35,785 
23,100 

4«,57o 

* • • « 

39,500 
41,860 

41.570 
35.812 
27,851 

«5.9i5 
'9.894 
3 ' .049 
36,100 



38,700 

47,338 

47,M4 

40,439 
47.287 

47,287 



39 



5'4 



27.775,000 
23.530,000 
26,492,000 
25,380,000 
24,400,000 
27,330,000 
27,892,000 
27,367,000 
27,205,000 
28,236,000 
24,114,000 
25,200,000 
23,264,000 
24,946.000 
25,670,000 
26,020,000 



25,193,000 
28,283,000 
28,917,000 
28,571,000 
26,090,000 
27,064,000 
24,590,000 
24,656,000 
24-377,000 
27.733.000 
27,282,000 
22,190,000 
27,529,000 
26,438,000 
27,640,000 
24,574.000 
27,287,000 
27,290,000 
25,904,000 
27,007,000 
27,129,000 
24,763,000 
26,604,000 



26,147,000 
26,580,000 
26,996,000 
28,680,000 
24,910,000 
27,130,000 



Remarks. 



Galvanised. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 



Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Tialvanized. 
Galvanized. 



(jalvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized, 
(jalvanized. 
Galvanized. 
Galvanized. 
Galvanized. 



Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 
Galvanized. 



Results of Tests Made in the Engineering Laboratories, 151 



IRON WIRE TESTS. 







• 


• 


/■-N 

i 


^ 










1 


\t 


;g8- 


•s 






Date. 


t: 
it 


Te.S 


§& 


Is. 




n 


Remarks. 






e 


u 


|4 


\i 


[oduli 
ticity 






f 


Q 





S^ 


u 


S 






1891. 
Mardi 6 


.»SS7 


.01450 


67ii77 


• • •  


29,070,000 


Galvanized. 




March lo 


.1360 


.01450 


66,290 


• • •  


28,920,000 


Galvanized. 




March la 


.1372 


.0148 


66,490 


• •  • 


28,660,000 


Gaivuiized. 
Galvmized. 




March 13 


.1362 


.0146 


67,130 


• • • « 


28,840,000 




March 16 


.1362 


.0146 


67.813 


• • • • 


27,730,000 


Galvanized. 




March 17 


.1358 


.OM5 


68,560 


• a • • 


27,290,000 


Galvanized. 




March 18 


•»357 


.0144 


66,240 


• • •  


28,164,000 


Galvanized. 




March 19 


.1356 


.0144 


68,415 


• •   


27,315,000 


Galvanized. 




March 20 


.1365 


.0146 


67,860 


•  • • 


28,653,000 


Galvanized. 




March 20 


•«359 


.0145 


67,420 


 •  • 


28,905,000 


Galvanized. 




March 26 


.1354 


.0144 


67,570 


• •   


29,397,000 


Galvanized. 




March 30 


• 1355 


.0144 


67.130 


• • • « 


29,321,000 


Galvanized. 




AprU I 


.1362 


.0146 


65,067 


• • • • 


28,513,000 


Galvanized. 




April 6 


.1356 


.0144 


67,030 


• •   


29,033,000 


Galvanized. 




April 8 


•»356 


.0144 


67,030 


• • • • 


28,792,000 


Galvanized. 




Oct. 12 


.1602 


.02016 


47.975 


•  « • 


22,214,000 


Galvanized. 




Oct. 16 


.1358 


.01448 


66,142 


39.906 


28,867,000 


Galvanized. 




Oct. 16 


.1360 


.01453 


67.3*5 


34,282 


28,716,000 


Galvanized. 




Oct. 19 


.1360 


.OM53 


74,208 


37.035 


28,329,000 


Gnlvanized. 




Oct. 23 


.1360 


.01453 


66,636 


37.789 


30,392,000 


Galvanized. 




Oct. 24 


.1380 


.01496 


62,044 


• •  • 


28,270,000 


Galvanized. 




Oct. 28 


.1044 


.00856 


88,548 


48.828 


29.537,000 


Bright. 




Oct. 31 


.1044 


.00856 


80,604 


58,175 


29,326,000 


Bright. 




Nov. 4 


.1030 


.00833 


62,168 


40,565 


28,609,000 






Nov. 5 


.1028 


.00830 


62,410 


40,723 


28,449,000 






Nov. 7 


.0803 


.00506 
.00853 


87.475 


39.097 


26,902,000 




^ 


Nov. 5 


.1042 


87,716 


39.3t6 


28,883,000 


Bright. 




Nov. 3 


.I02I 


.008187 


69.376 


41,283 


27,982,000 


Annealed. 




Nov. 9 


.0800 


.00503 


87.137 


47,349 


27.785.000 






Nov. 10 


.0800 


.005003 


90,600 


55.600 


28,309,000 






Wov. 17 


.1031 


.00835 


62,047 


45.278 


28,656,000 


Annealed. 




Nov. 23 


.07^ 


.00498 


61,892 


43,807 


29,665,000 


Annealed. 




Nov. 30 


.1047 


.00861 


81,072 


57.842 


27,137,000 


Annealed. 




Dec. 2 


.0799 


.00501 


81,372 


3«,5«2 


28,250,000 


Annealed. 




Dec. 2 


.0799 


.00501 


89.350 


43.479 


26,891,000 


Annealed. 




Dec. 3 


.1040 


.0085 


80,990 


35.080 


28,782,000 


Annealed. 




Dec. 7 


.0706 


.003915 


72.775 


40,360 


28,289,000 


Annealed. 




Dec. 9 


.0710 


.00396 


70,216 


39.907 


28,734,000 


Annealed. 




Dec. 9 


.0708 


.00394 


74,424 


40,133 


28,831,000 


Annealed. 




Dec. 10 


.0710 


.00390 


70,216 


39.907 


26,349.000 


Annealed. 




Dec. II 


.0798 


.00500 


60,584 


3 '.592 


27,925,000 


Annealed. 




Dec. 14 


.0788 


.00487 


63,155 


32,398 


34,932,000 


Annealed. 




Dec. 15 


.0712 


00398 


71,078 


34.660 


26,162,000 


Annealed. 




Dec. 16 


.09112 


.00652 


82,502 


38,665 


27,806,000 






Dec. 16 


.0915 


.006576 


8i,8i8 


5«.402 


27,io9,(xx> * 






Dec. 18 


.0707 


.003926 


72,087 


40,246 


28,524,000 






Dec. 18 


.0710 


.003959 


72.742 


50,010 


27,940,000 






Dec. 21 


.0712 


.00398 


69,822 


49.730 


27,661,000 






Dec. 22 


.0710 


.003959 


74,000 


44.959 


28,027,000 






Dec. 23 


.0710 


.003959 


71,480 


39.907 


31,931,000 






Dec. 23 


.0709 


.003948 


71,861 


40,020 


38,300,000 






1892- 
















March 10 


.0920 


.00665 


80,930 


50,840 


28,520,000 


Bright. 




March 11 


.0919 


.00663 


81,160 


56,990 


33,700,000 


Bright. 




March 11 


.0920 


.00665 


77,920 


38,810 


27,075,000 


Bright. 




M^rch 14 


.0807 


.00512 


60,200 


38,710 


28,232,000 


Annealed. 




March 15 


.0806 


.00504 


61,122 


39,293 


28,300,000 


Annealed. 




March 16 


.0800 


.00503 


65,250 


39,390 


29,043,000 


Annealed. 




March 17 


.0799 


.00501 


65.417 


35,500 


21,050,000 


Annealed. 




March i» 


.0739 


.00429 


75.305 


50,825 


27,910,000 






March 2i 


.0712 


.00398 


81,125 


59,970 


27,906,000 


Bright. 




March 22 


.0709 


.00395 


72,948 


• •  • 


28,620,000 


Bright. 




March 25 


.0702 


.00387 


72,342 


56,324 


27,931,000 


Bright. 




March 28 


.0710 


.00396 


74,000 


•   • 


28,190,000 


Bright. 




March 29 


.0710 


.00396 


74,000 


44.960 


27,725,000 


Bright. 




March 30 


.0710 


.00396 


70,216 


44,960 


27,726,0a) 


Bright. 
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IRON WIRE TESTS. 







• 

a 


^ 

.d-9 


.5 


i 






Date. 


% 


Original Sectio 
(Sq. in.) 


Maximum Loa 
(Lbs. per sq. 


Elastic Limit. 
(Lbs. per sq. 


Modulus of E 
tidty. 


Remarks. 




1802. 
March 30 


.0710 


.00396 


71,480 


50,010 


40,804.000 


Bright. 




March 31 


.0712 


.00398 


69,822 


39,683 


21,582,000 


. Bright. 




Oct. 3« 


.0621 


.00303 


125,460 


70,572 


28,536,000 


Bright. 




Oct. a8 


.0622 


.00304 


134,100 


62,530 


27,655,000 


Bright. 




Nov. 2 


.08075 


.00878 


87,869 


55,650 


a7,543,ooo 


Annealed. 




Nov. 9 


.1057 


75,800 


37,89a 


29,162,000 


Bright. 




Nov. 4 


.0809 


.0050 


78,157 


51,748 


26,630,000 


Annealed. 




Nov. 7 


.1013 


.00806 


69,700 


39.332 


28,716,000 


Annealed. 




Nov. 14 


.1053 


.00871 


80,725 


37,089 


30,443,000 


Bright. 




Nov. 14 


.X062 


.00886 


76,145 


37,537 


30,642,000 


Bright. 




Nov. IS 


.1055 


.0087 


79,333 


36,949 


31,614,000 


Bright. 




Nov. 16 


.1062 


.00886 


67.396 


39,004 


25,840,000 


Bright 




Nov. x6 


.1060 


.00884 


78,586 


37,678 


29,656,000 


Bright. 




Nov. 22 


.1061 


.00884 


80,587 


38.682 


31,836,000 


Bright. 




Nov. 23 


.1057 


.00877 


80,115 


36,810 


29,935,000 


Bright. 




Nov. a8 


.1057 


.00878 


77,949 


37,893 


30,497,000 


Bright. 




Nov. 29 


.1061 


.00884 


76,684 


37,520 


29,106,000 


Bright. 




Nov. 30 


.1057 


.00877 


81,198 


36,809 


30,283,000 


Bright. 




Dec. 2 


.1060 


.00882 


77,5«o 


36,602 


31,203,000 


Bright. 




Dec. 3 


.1009 


.0080 


55,840 


34,454 


31,368,000 


Annealed. 




Dec. 6 


.1009 


.0080 


57,029 


32,078 


25.505,000 


Annealed. 




Dec. 7 


.1009 


.0080 


56,279 


34,454 


28,686,000 


Annealed. 




Dec. 13 


 .1661 


.0217 


70,748 


5«,734 


21,734,000 


Bright. 




Dec. 13 


.1646 


.0213 


72,043 


53,574 


26,854,000 


Bripht. 




Dec. 14 


.1664 


.0217 


70,491 


52,421 


24,589,000 


Bright. 




Dec. 14 


.1663 


.0217 


70,578 


52,485 


21,206,000 


Bright. 




Dec. 15 


.1659 


.0216 


70,918 


52,738 


23,999,000 


Bright. 




Dec. 16 


.1668 


.0219 


69,289 


53,040 


19,321,000 


Bright. 




March 29 


.1218 


.01165 


70,119 


24,460 


32,079,000 


Bright. 




March 30 


.1226 


.0118 


65,988 


27,367 


27,591,000 


Bright. • 




March 31 


.1221 


.01171 


68,153 


27,586 


30,520,000 


Bright. 




April I 


.1231 


.OZI90 


67,049 


27.»39 


37,146,000 


Bright. 




April 3 


.1223 


.01175 


67,552 


24,261 


26,442,000 


Bright. 




April 3 


.1215 


.01159 


53,610 


24,582 


27,465,000 


Bright. 




April 7 


.1228 


.01184 


67,533 


27,272 


31.353,000 


Bright. 




April 10 


.1227 


.01182 


66,684 


30,530 


29,573,000 


Bright. 




April 10 


.0794 


.00495 


66,041 


42,210 


28,530,000 


Annealed. 




April 12 


.0795 


.00503 


64,221 


39,666 


26,710,000 


Annealed. 




April 13 


.0800 


.00503 


66,149 


43,470 


27,193,000 


Annealed. 




April 14 


•0733 


.00423 


83,070 


65,108 


28,383,000 


Annealed. 




April 17 


.0800 


.00503 


66,149 


43.470 


27,193.000 


Annealed. 




April 18 


.0798 


.0050 


66,480 


41,788 


27,252,000 


Annealed. 




April 20 


.0802 


.00505 


64,879 


41,372 


26,375,000 


Annealed. 




April 20 


.0798 


.0050 


66,149 


43,370 


28,377,000 


Annealed. 




Oct. 31 


.1334 


.01398 


• «  • 


• « •  


27,394,000 


Annealed. 




Nov. I 


•»>55 


.0144a 


46,116 


• • •  


20,956,000 


Annealed. 




Nov. 2 


.1388 


.01512 


44,2>3 


20,100 


19,972,000 


Annealed. 




Nov. 3 


.»35o 


.01431 


47,034 


22,566 


21,366,000 


Annealed. 




Nov. 4 


.1338 


.01406 


48,220 


25.674 


43,798,000 


Annealed. 




Nov. 6 


 1337 


.01404 


47.723 


21,644 


44,614,000 


Annealed. 




Nov. 8 


• 1343 


.01416 


47,266 


22,801 


24,876,000 


Annealed. 




Nov. 10 


.i34» 


.01412 


48,005 


25.560 


23,810,000 


Annealed. 




Nov. 1 1 


.1331 


.01391 


47,820 


23.214 


24,097,000 


Annealed. 




Nov. 14 


.0625 


.00307 


58,670 


37,157 


33,384,000 


Bright. 




Nov. 16 


.0612 


.00294 


61,360 


  • • 


24,947,000 


Bright. 




Nov. 20 


.0612 


.00294 


7'.558 


38.754 


27,602,000 


Annealed. 




Nov. 21 


.0613 


.00295 


61,160 


35,408 


29,480,000 


Annealed. 




Nov. 25 


.0627 


.003087 


58,460 


36,954 


27,372,000 


Annealed. 




Nov. 27 


.0615 


.00297 


60,672 


41,574 


29,075,000 


Annealed. 




Nov. 28 


.0613 


.00294 


61,182 


41,978 


29,526.000 


Annealed. 




Dec. 6 


.0680 


.00363 


49,701 


36,622 


23,287,000 


Annealed. 




Dec. 8 


.0614 


.00296 


60,960 


41,700 


28,905,000 


Annealed. 




Dec. XI 


.0616 


.00298 


60,560 


41.440 


28,804,000 


Annealed. 




Dec. 15 


.0613 


.00295 


61,160 


41,846 


28,741,000 


Annealed. 




Dec. 30 


.0616 


.00298 


60,565 


35,064 


25,571,000 


Annealed. 
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COPPER WIRE TESTS. 







1 


^■.s 


*-* 












1 Section. 
In.) 


■P-2 


• 

.5 


i 






Date. 


• 


iim Loa 
peraq. 


Limit, 
peraq. 


• 








Orisina 


Maximi 
(Lbs. 


EUstic 
(Lbs. 


Moduli] 
ticity. 






1887. 
















Oct. 14 


•135 


.01431 


30,740 


• • • • 


• • • • 


Soft. 




Oct. 14 


•135 


.oi43« 


31,788 


..*. 


• • • • 


Soft. 




Oct. 14 


.105 


.00866 


3X,300 




• • •  


Soft. 




Oct. 14 


.105 


.00866 


34,100 




• • • • 


Soft. 




Nov. X I 


.X05 


.00866 


33,953 




•  • • 


Soft. 




Nov. 1 1 


.105 


.00866 


35,570 




•  • • 


Soft. 




Nov. IX 


.073 


.00407 


46,671 




•  •  


Soft. 




Nov. 1 1 


.07a 


.00407 


39»3oa 




• • « • 


Soft. 




1889. 
















Oct. 18 


.1378 


.0x491 


60,350 


33, 800 


x4,x98,ooo 


Hard drawn. 




Oct. x8 


.0836 


.005489 


64,673 


16,033 


18,309,000 


Hard drawn. 




Oct. ax 


.0836 


.005489 


5«,649 


 «   


18,590,000 


Hard drawn. 




Oct. as 


.0845 


.005600' 


61,510 


3X,390 


17,478,000 


Hard drawn. 




Oct. as 


.3036 


.03256 


66,959 


• • • • 


• • • • 


Hard drawn.^ 




Oct. as 


.0810 


.005x5 


62,130 


•   • 


17,700,000 


Hard drawn. ^ 




Oct. 3x 


.08x8 


•005255 


52.899 


19,039 


16,404,000 


Hard drawn. 




Nov. I 


.ao4o 


.03368 


63,360 


•    


 •  • 


Hard drawn. 




1800. 
Marcn 34 


.0855 


.00574 


58,X73 


37,867 


18,553,000 


Hard drawn. 




March %^ 


•o8s9 


.0058 


58,630 


39,310 


19,016,000 


Hard drawn. 




March 31 


.x6s7 


.03x56 


53,051 


37,098 


18,938,000 


Hard drawn. 




April 6 


•X343 


•01437 


57,050 


27,140 


18,389,000 


Hard drawn. 




April 9 


•»345 


.0143X 


56,300 


a8,xso 


18,320,000 


Hard drawn. 


1 


April X4 


.083 


.0054 


66,536 
63,830 


39,630 


19,568,000 


Hard drawn. 




Oct a8 


.1349 


.0143 


• •  • 


3o,x34,ooo 


Hard drawn. 




Oct. a9 


•»349 


.0x43 


61,780 


• • •  


19,903,000 


Hard drawn. 




Nov. 3 


•1349 


.0x43 


•   • 


19,990,000 


Hard drawn. 




Nov. s 


.1348 


•0x43 


63,570 


• • • • 


19,963,000 


Hard drawn. 




Nov. ax 


.i66a 


.03x7 


58,449 


•  • • 


3 X, 329,000 


Hard drawn. 




Dec 4 


.X663 


.0317 


58,679 


•  • • 


3 X, 340,000 


Hard drawn. 




Dec. 5 


.X663 


.0317 


56,144 


« • • « 


2I,XX2,000 


Hard drawn. 




Dec. 8 


.xxoo 


•0095 


58,716 


• • •  


18,910,000 


Hard drawn. 


I 


Dec. 9 


.X099 


•009s 


51,034 


• • • • 


30,3x4,000 


Hard drawn. 




X89X. 
















Oct. a6 


.083 


■0054 


65,057 


37,334 


24,399,000 


Hard drawn. 




Marcn a6 


.x6a5 


.03074 


35,729 


13,743 


13,572/000 


SofU 




March a8 


.1634 


.03070 


35.770 


13,760 


13,346,000 


Soft. 




April a 


.1615 


.03050 


36,640 


13,990 


16,416,000 


Soft. 
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WHITE OAK BEAMS. 
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at middle, 
at middle, 
at middle, 
at middle, 
at middle, 
at middle, 
at middle, 
at middle, 
at middle. 
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Remarks. 



Lbs. 






« 3.776 


5.596 


1,766,839 


19,076 


6,060 


1,240,728 


10,671 


4,984 


853,098 
1,307,180 


13.371 


7,659 


8,431 


5,530 
5,586 


823,000 


17,834 


1,227,666 


a,8ax 


3,240 


1.134,498. 


8,783 


5,214 


1,057,378 


»5f«<H 


5.494 


744,774 


7,885 


4.805 


1,607,910 


30,098 


8,374 


1,666,844 


10,546 


5,603 


973,213 


8,oSo 


4.924 


979.930 


12,360 


6,180 


1.343.768 


5.953 


3,535 


672,724 


10,082 


5,986 


1,130,317 


10,269 


6,338 


If 11 5.578 
878,900 


6,287 


4,713 


7,000 


5.324 


889,000 


9,231 


4,661 


800,870 


9,432 


6,519 


1,544,600 


9,122 


6,30a 


1,143,900 


",474 


7,48a 


1,464,500 


9.»75 


5,821 


1,141,900 


9.372 


5,485 


972,200 


7.501 


4.4II 


1,059,600 


8,971 
12,274 


5,513 
7,834 


1.777,500 
1,465,800 


",23'' 


5.706 


946,470 


15.043 


8,850 


i,735»8oo 


16,169 


6,266 


990,300 


15,138 


4,832 


813,400 


M,994 


6,040 


1,134,000 


14,720 


6,808 


1,089,000 


a6,o88 


6,281 


861,200 


39,788 


7.«07 


953,800 



Nos. 109-1x3. Lumber cut 
in Ohio in the winter of X884 ; 
tested in spring of X885. 



Nos. X 13-135. Lumber was 
^ cut in Pennsylvania in the win- 
ter of 1884-85 ; tested in spring 
of 1885. 



• Ohio white oak. 



Tesu Nos. 168-176, inclu- 
sive, vrere made on wmte oak 
from Ohio; sawed latter part 
of August, 1886; receivea at 
Institute October 11, x886; 
tested October 15, 1886, to No- 
vember 30, 1886. 

Nos. 350-369 are selected 
oak beams irom Ohio, strai|g;ht- 
' mined, and nearly free m>m 
knots. 

Green lumber. 
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TIME TEST NO. \, ^ Continued, 



Beam. 



G (165). 



H (i66). 



I (167). 



Description of lumber 



original 



Dimensions . . . j c^^i 

Modulus of rupture, lbs. per | with weight of beam . . 
s(}uare inch ...*..( without weight of beam . 

Weight per cubic foot at beginning, lbs. 

Weight per cubic foot at end, lbs 

Date of testing 

£ (after seasoning), lbs. per square inch of final section . 



Clear. 

4" X 12" 

3i"xii|" 

 •  • 

6,525 

•   « 

May II, 1886. 
1,603,700 



Clear. 

4" X 12" 

3j" X 12" 

 • • • 

7.187 

 • • • 

27 

May 12, 1886. 

1,748,900 



Knotty. 
4"xia" 

4"X12" 

 • • • 

5.01* 

27.2 
May 12, 1886. 

i,457»o«> 



Average £ (final section), beams without load 
Average modulus of rupture (original section) 



1,603,200 
6,508 



TIME TESTS FOR SHORT PERIODS OF TIME. 
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Elasl 


0* 


[odul 
ture. 
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Inches. 


Ft. In. 




Inches. 


Lbs. 


( Spruce beam, load equally distributed at twelve 


108 


6 X 12 


17 — 4 


1,269,670 


.1241 


5,066 


< points. The beam was subjected to a load of 5,03 l 
( pounds for 898 hours. 

f Yellow pine beam, load distributed equally over 
\ twelve points. The beam was subjected to a load 


T48 


4/^x nil 


17 — 4 


1,2x1,800 


•3765 


4.668 














( of 6,355 pounds for twenty-nine days. 
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DEFLECTIONS WITH TIME. 

The deflection of a timber beam under a long-continued application of the load may 
be two or more times that assumed when the load was first applied; and, in order to 
compute it by means of the ordinary deflection formula, we should use for E (the modulus 
of elasticity) not more than one half the value derived from quick tests. 



LONGITUDINAL SHEARING. 

Below are given tables showing the greatest intensity of the shear at the neutral axis of 
each beam at fracture. 



TABLE OF BEAMS WHICH GAVE WAY BY LONGITUDINAL SHEARING. 



Spruce. 


Yellow Pine. 


Oak. 


White Pine. 


No. 


Inlendtyof Shear, 


No. 


Intensity of Shear, ^ 


0. 


Intensity of Shear, -m 
Lbs. per Sq. In. " 


tk 


Intensity of Shear, 


Lbs. per Sq. In. 


Lbs. per Sq. In. *" 


0. 


Lbs. per Sq. In. 


aa 


aoa 


30 


«73 « 


>9 


15a x: 


'9 


»55 


34 


190 


3a 


24a 2( 


i9 


379 K 


14 


'i' 


31 


»54 


33 


153 




.... 2^ 


13 


180 


35 


117 


50 


«77 




•  • • • 




• • • • 


36 


348 


147 


264 




. « •  • • 




• • « • 


46 


233 


4'9 


ao7 




• •  • • 




• • •  


90 


a73 


429 


244 




•  • • • 




 • • • 


304 


130 


437 


289 




• • • • « 




• •  • 


3a I 


a33 


45 « 


151 




• «  • • 




• • • • 


416 


ai5 


45a 


240 




• • •   




• • • • 


4ai 


199 


• • 


• • •  • 




 • • • • 




  • • 


4*3 


ao7 


• • 


• • •  » 




 •  • • 




• • • • 


445 


133 


 • 


 • •  • 




•  • • • 




• • •  


450 


166 


 • 


 • * fl • 




• • • • • 




• • • • 


Average, aoo. 


Average, 324. 


Average, a66. 


Average, 151. 
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EXTRACTS FROM REPORTS OF VISITING COMMIT- 
TEES OF THE CORPORATION, MARCH, 1894, 

DEPARTMENT OF MECHANICAL ENGINEERING AND APPLIED MECHANICS. 

. . . We wish to express our satisfaction at the earnest work that 
is being done by the students, as well as the progress that is being 
made in this department in the acquiring and in the use by students 
of excellent machines and contrivances for making original investiga- 
tions in the subjects studied, the results of which are additions to the 
knowledge of the profession. Many of these results are capable of 
being presented to the profession in such a way as to be a great credit 
to the Institute. It is certainly true of this department, and is prob- 
ably true of many other departments of the Institute, that a consid- 
erable additional knowledge is attained yearly which the engineering 
profession is in need of, and it would be valuable to the Institute and 
to the profession if experimental class work and thesis work were 
arranged in order to attain such additional knowledge, and provision 
were made for the prompt publication of such results as were espe- 
cially valuable as contributions to the knowledge of the profession by 
the Massachusetts Institute of Technology. 

(Signed) Hiram F. Mills, 

Francis Blake, 
James P. Tolman, 
Desmond FitzGerald, 
Frank A. Hill. 

March 14, i8g4» 

DEPARTMENT OF MINING AND METALLURGY. 

To the Members of the Corporation. 

Gentlemen : Your Committee on the Department of Mining and 
Metallurgy come before you with the same old story presented in 
former years, so far as relates to the general and efficient management 
on the part of Professor Richards, and of the inestimable value of the 
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instruction given by him and his associates. If, however, the oft- 
repeated statement of the faithfulness and unsurpassed ability of those 
on whom we depend for thorough work seems almost monotonous by 
repetition, the record of their doings through the year, and of the 
accession of improvements in implements required for instruction, can 
never be otherwise than interesting. . . . 

The present year in the Mining Department has been quite a pros- 
perous one. The numbers of students have been larger than ever 
before. The numbers shown in the President's Report are : For the 
second year, eighteen ; the third year, sixteen ; and the fourth year, 
six, to which should be added ten for the first year, making fifty in all. 

During last June the Summer School of Metallurgy made quite 
a departure from the usual custom by going to Chicago, combining the 
World's Fair with the visits to and studies of the various metallurgical 
establishments around Chicago. A party of twelve students attended 
this school with much pleasure and profit. The work was divided so 
as to include visits to works upon the alternate days, the remainder of 
the time being spent in the World's Fair. 

One of the immediate tangible results of this visit is in the gifts 
which certain of the iron manufacturers of Sweden, who are members 
of the Jernkontoret, or Swedish Iron and Steel Association, made to 
the Mining and Metallurgical Department of the Institute. These 
collections show specimens of steel varying in amount of carbon. 
They show the iron ore and the pig iron from which the steel was 
obtained. They also show the hammered blooms and billets, as well 
as test bars and finished bars ready for market. These collections are 
just now being set up in Room 2 of the Mining Department of the 
Institute. The works that are especially represented in these coUec- 
tions are Ankarsrum, Soderfors, Horndal, and Osterby. 

The particular investigations that are being carried on or have 
j ust been completed in the department are : 

1. The magnetic separation of iron ores from the gangue. For 
this purpose a new machine, designed by Mr. Chase, of the class of 
'83, is just now being set up. 

2. The separation of graphite from its gangue is being studied by 
one of the students. 

3. The refining of copper by the use of a chloride solution for 
the separation of silver, gold, and other metals is being tested in the 
laboratory. 
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4. Nova Scotia gold pyrite which carries a very large percentage 
of arsenic is being investigated for the recovery of gold, the high 
percentage of arsenic offering special difficulties in regard to the 
extraction. 

5. The fusibility of fire clays is being tested by means of a new 
Deville furnace which has just been provided, and the management 
of which is now being studied in the laboratory for the first time. 

6. An investigation in regard to the laws of jigging has just been 
completed. The results have brought to light a number of very inter- 
esting facts in regard to this method of separation of ores from the 
gangues. The light which has been thrown upon the principles 
of jigging will prove of value in the designing of mills for con- 
centration. 

The plan for the next Summer School is developing, and the school 
will probably be held in Nova Scotia and Cape Breton. 

As preparation for this summer school some of the new stadia 
measures that have recently been designed for the Mining Depart- 
ment are being made by Alvan Clark & Sons, of Cambridgeport. For 
rapidity and accuracy this stadia excels all others. 

The library is receiving additions of valuable books, not only in 
•keeping up the running files of periodicals, but new works on the 
:subject are being added from time to time in order that the latest 
and freshest data may be on hand for reference by the students. 
During the last year the files of Tkonindustrie Zeitung and of Stahl 
tind Eisen have been completed, and a new annual has been added, 
the Freiberger Jahrbiich, These additions were chosen partly with 
reference to the representative character of the periodicals, so that 
the library may be as representative of the departments of mining 
and metallurgy as' possible, and partly also .with reference to the stu- 
dents' work of writing abstracts of professional memoirs. This de- 
partment of instruction is becoming more and more valuable as the 
years go on. . . . 

Respectfully submitted, 

(Signed) Thomas T. Bouve. 

Boston^ March 14, i8g4. 
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ARCHITECTURAL DEPARTMENT. 

To the Members of the Corporation. 

Gentlemen : The past year has been one of the most successful in 
the life of the Architectural Department, both in regard to the num- 
ber of students and the quality of the work accomplished. This year 
there are fourteen candidates for a degree. This year also there has 
been a post graduate class of six, and this year also has brought the 
largest number of skilled draughtsmen from offices to increase their 
knowledge of mathematics and design. 

The chief interest of the year has been in connection with the 
new professor of design, M. Despradelle. He entered a field filled 
with the strongest memories of the ability of his predecessor, Profes- 
sor L^tang, but he has held his own, and his success as a teacher is 
assured. He is ambitious for his scholars and expects much of them, 
and they in turn are greatly attracted towards him. 

There has been added to the plant this year for instruction in 
architectural history some six hundred lantern slides. These have 
all been made in the department at about one quarter the cost if pur- 
chased outright.^ The Art Museum has a fine collection of slides 
devoted principally to decorative subjects, and as we loan to each 
other we avoid entering each other's fields. 

There is a steady improvement in the standard of drawing, and 
consequently in design. The drawing has been accomplished by most 
careful instruction from the cast and from life, and it has been gi^eatly 
aided by the beautiful "Envois** drawings which, through the courtesy 
of the Rotch trustees, decorate the walls. These drawings have been 
hung in the hallways, so that every one can be seen and carefully 
studied. The freehand drawing could be still much improved, but it 
needs another assistant, which we do not hope for in the present state 
of the school's finances. The sections are too large ; instead of from 
forty to seventy, as at present, the section should not contain more 
than fifteen to twenty students. The students complain of not get- 
ting enough of individual instruction. Again, many of our students 
are irregular ; that is, five year students, or college graduates, or other 
specials. They must often lose this course in freehand drawing on 
account of some other study appointed for the same hour. In case 
of such conflicts the corps should be strong enough to have other 
sections. No student should be handicapped by losing this course. 
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Last year was a first attempt at a summer school, and the exhibi- 
tion of work done at Chicago clearly showed the value of such a 
course. This year we propose to continue the scheme if it meets the 
approbation of the Executive Committee. The work this time will be 
among the colonial houses of Salem, Portsmouth, and vicinity, and .we 
hope for such good work to be done that it can be published for the 
glory of the Institute. 

At M. Despradelle's request that his initial work with the students 
should not be judged too early, the usual committee from the Boston 
Society of Architects did not visit the monthly work of the students ; 
but the final result of this year's work is now ready and makes a 
brilliant showing. Next year the Committee of Architects will re- 
sume judging the work of the department monthly, for there is great 
stimulus to the students in the sympathy and criticism of well-known 
practicing architects. 

Respectfully submitted, 

(Signed) Arthur Rotch, 



May^ 18(^4. 



Eliot C. Clarke, 
John R. Freeman. 



CHEMICAL AND BIOLOGICAL DEPARTMENTS. 

Mr President and Gentlemen of the Corporation, 

The Chemical Department has been, of course, severely tried by 
the loss of Professor Norton ; but the department has much to con- 
gratulate itself upon in the lecturers upon special subjects, whose 
ability and thorough knowledge of their themes have been very 
remarkable. . . . 

One of the most distinguished of modern European industrial 
chemists in a report on the World's Fair has said to the chemical 
manufacturers of Europe : ** The manufacturer finds in the United 
States the most favorable conditions for production of all the heavy 
chemicals, with the single exception of potash salts, and although 
these advantages have not been fully utilized as yet, it would surely 
be folly to hope that they will long be neglected. He who looks 
about him while there will surely not expect this, whether he may 
wish it or not." 
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The quotation shows what a foreigner speaking to foreigners 
thinks, we may even say fears, as to our opportunities for supremacy 
in industrial chemistry, and only accentuates what we have before 
suggested, that the subject should be made as important in the Insti- 
tute as any other, and will well repay the fostering care expended to 
make it so. . . . 

Additions to the staff of the Biological Department this year have 
rendered the force fully able to give the neceseary instruction, and the 
liberal expenditure on apparatus- has supplied all that was wanted for 
the time being in that respect. While the number of students in the 
regular course of biology remains nearly constant, the usefulness of 
the department to the school steadily increases. Instruction is now 
given by this department to students in civil engineering, architec- 
ture, chemistry, physics, sanitary engineering, geology, and the gen- 
eral course, as well as to those in biology. More than one hundred 
and fifty pupils have this year come under instruction in this depart- 
ment. The greatest difficulty is that the laboratory is far too small. 
Three times the present space could be well used, and would be 
none too much for the present needs. Moreover, if more room 
could be had it would be easy to increase the attendance by the 
addition of students in farming and some branches of manufacture, 
to whom a knowledge of bacteriology and the changes wrought by 
living organisms are now known to be essential. 

(Signed) Samuel Cabot, 

Charles C. Jackson, 
James M. Crafts. 

Boston^ March 9, tBg4, 

DEPARTMENTS OF PHYSICS AND ELECTRICAL ENGINEERING. 

To the Corporation of the Massachusetts Institute of Technology, 

The Committee on Physics and Electrical Engineering have the 
honor to report that their visit to the department has disclosed a 
marked improvement in methods and results during the past year. 

The pressing needs of the department mentioned by the Commit- 
tee in their report of last year have been met most satisfactorily by 
the assignment of an assistant in charge of the library, and the equip- 
ment of a station where observations of precision can be carried on 
with a practical freedom from outside electrical and mechanical dis- 
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turbances. Apparatus and results bear witness to much original 
research by Professor Cross and his assistants during the year. 

The Committee have been particularly impressed by the ingenious 
apparatus and experiments which have enabled Professor Cross to 
establish the new physical fact that differences in pitch may be noted 
by a comparison of fractional parts of simple sound waves ; by the 
apparatus contrived by Professor Holman and Mr. Laws for the meas- 
urement of currents up»to 300 amperes with an accuracy never before 
attained in such measurements ; by Mr. Laws' work upon a " sine 
dynamo;" and by the beautiful apparatus with which Professor Puffer 
illustrates the effects of "three phase" currents. 

During the year Professor Holman has published a revised and 
much enlarged edition of Physical Laboratory NoteSy Part IL The 
value of this volume as an aid in educational work can hardly be over- 
estimated, and it is certainly not too much to say that for many years 
to come it will be a worthy memorial of its author's scientific attain- 
ments and rare ability as a teacher. 

The existence of so able and zealous a professional staff as it is 
now the privilege of this department to possess connotes a never to be 
satisfied need of increased facilities for scientific work. The Commit- 
tee are well aware, however, that the finances of the Institute may 
not permit any large expenditures for such purposes during the com- 
ing year. Nevertheless, it should be borne in mind that, if the Insti- 
tute is to hold its position in the van of educational progress, provision 
must be made for the establishment, in the near future, of a physico- 
chemical laboratory. At the outset an additional room in the Walker 
Building and a moderate amount of inexpensive apparatus would meet 
this want. 

The dynamo room, as at present equipped, is taxed to its utmost 
capacity in the matter of lighting the Institute buildings. Aside 
from the first costj it would doubtless be an economy to provide a 
more powerful engine and two additional dynamos. Such an instal- 
lation would be of general benefit to the Institute and of particular 
benefit to advanced thesis work in the Department of Electrical 
Engineering. . . . 

Respectfully submitted by 

(Signed) Francis Blake, 

Charles W. Hubbard, 
A. Lawrence Rotch, 

Committee, 
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CHANGES IN THE CORPS OF INSTRUCTION. 

(Corrected to October, 1894.) 

Associate Professor Despradelle, who came to the Institute from 
Paris last fall, is appointed professor of architectural design. 

Arthur A. Noyes, Ph.D., Augustus H. Gill, Ph.D., and Fred L. 
Bardwell, S.B., now instructors in the Chemical Department, become 
assistant professors. 

Assistant Professor Vogel, of the Department of Modern Lan- 
guages, returns from a year's study at the University of Heidelberg. 

The following assistants have been promoted to instructorships : 

Herbert R. Moody, S.B., in analytical chemistry. 

Joseph P. Lyon, S.B., in civil engineering. 

Charles E. Fuller, S.B., William A. Johnston, S.B., and Charles F. 
Park, S.B., in mechanical engineering. 

Robert S. Shedd, in architecture. 

Charles M. Faunce, A.B., in mechanical drawing and descriptive 
geometry. ' 

Frederick S. Woods, Ph.D., and Henry M. Goodwin, Ph.D., return 
after study in Germany to resume their instructorships in mathemat- 
ics and physics, respectively. 

William H. Walker, Ph.D., becomes an instructor in analytical 
chemistry in place of Mr. Davenport. The latter and Mr. W. R. 
Whitney go to Germany for further study of chemistry. 

John Osborne Sumner, A.B., has been appointed instructor in 
history. 

The following instructors are no longer connected with the Insti- 
tute : Edward Collins, Jr., William H. Metzler, Robert Ball, Johann 
Meyer, Edson L. Whitney. 
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UNITED STATES. 

Department L. Liberal Arts. 
Massachusetts Institute of Technology, Boston, Mass. 

Group 149. Class 852. 
Exhibit : Books, Theses, and Shopwork. 

Award. 

For excellence as a general school of technology, covering nearly 
the whole ground of science as applied to the useful arts, being the 
largest institution of its kind in the United States. 

For extensive and varied equipment and admirable appliances and 
methods of instruction. 

For courses of study arranged to supplement and reinforce one 
another, requiring thorough general scientific and literary preparation 
for specialized work. 

For high character of students' work as shown by drawings and 
sketches, shopwork in wood and metals, and particularly by theses of 
graduated students. 

For the cultivation of correct taste as shown by students' work in 
general, but especially in the fine execution and lettering of drawings 
and in the tinting and shading of architectural work. 

For original researches carried on in chemistry, biology, electric- 
ity, and other specialties. 

For designs for textile fabrics by the students of the Lowell Free 
School, a branch of the Institute, showing intelligent appreciation of 
the need of adapting designs to the processes and machines of manu- 
facture. 

For lecture notes, covering several thousand pages, prepared by 
members of the Faculty and printed for the use of the students. 

For high degree of specialization. For example, courses by ex- 
perts in heating and ventilation and heat measurement, in the Depart- 
ment of Physics, and in such practical arts as railway signaling and 
electric light wiring. > 

For arrangements and devices for administration as conducted by 

Gen. Francis A. Walker, President. 

(Signed) William W. Folwell, 

Individual Jiidg-c, 
Approved. Dr. K. Buenz, 

President Departmental Committee. 

Approved. John Boyd Thacher, 

Chairman Executive Committee on Awards, 
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The following pages are the result of the wish expressed to me by 
Professor C. H. Peabody, that I should publish in the journal of this 
Institute the lecture which I delivered lately before the whole class of 
the fourth year students of the engineering section. 

I have to a very large extent rewritten and revised my lecture, 
adding some subjects which limited time had caused me to exclude, 
and including other matters which I had relegated to my two subse- 
quent special lectures delivered to the naval architect section of the 
class. In reading this lecture I wish students to regard it rather as 
suggestive than didactic, for I hold that there is no finality in engin- 
eering ; though, on the other hand, there are unquestionably many facts 
which are established by experience beyond reasonable doubt. These 
latter I have intentionally accentuated. Such diagrams as I have in- 
troduced are purely diagrammatic, and therefore neglect all but the 
particular matter or principle intended to be described. 

I begin with the subject of pattern-making, as a thorough knowl- 
edge of the pattern-maker's art is very needful to an engineer ; it 
contributes much to the accuracy of foundry work, and in addition 
it will enable him to greatly reduce the cost of the pattern shop, as 
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well as to keep within bounds the accumulation of patterns which is 
unavoidable in any large engine works. 

I assume that my readers are conversant with the general ideas of 
molding from solid patterns and their core boxes ; but as it is possible 
that they may not fully appreciate loam pattern work and loam mold- 
ing, I intend to draw attention to the principles on which the latter 
are worked, for a clear comprehension of these opens the way to the 
benefits to which I have alluded above. 

I have made a rough diagram showing the loam mold for a large 
cylinder, the spaces to be filled by the metal are left white. The 
pattern work required for this mold is as follows : i. A wooden pat- 
tern representing the outside of the cylinder bottom with all that is 
cast upon it ; upon this pattern is built, with loam, what is called the 
top cake (A). 2. A circular core box, which is generally struck up in 
loam by means of a strickle board and then adjusted by the aid of a 
little pattern work in wood, is made to produce the core (B) of the 
double bottom of the cylinder. This core is divided into segments by 
the radial ribs which bind the two plates of metal together, and so 
form the girder. 3. A large frame pattern representing the outside 
form of the box-shaped part (C) of the cylinder, wherein are placed the 
steam and exhaust passages. 4. Core boxes for the two steam pas- 
sages D^ D* and for the exhaust passage E ; these are made as open 
frames, with sides only, cut to the form of the section of each passage 
as represented in the diagram. These cores are shaped by means of 
a strickle board guided on the edges of the sides of the core boxes. 
5. The main body core (F) is built on the ground outside the mold 
upon a ring of metal as a base, by means of a large vertical post fitted 
with a radial arm, to which is attached a vertical strickle board which 
sweeps the loam to shape. 6. To form the main outer mold (G) the 
center post and strickle are employed as before, but previous to strik- 
ing up the mold the frame pattern (2) of the box part (c) containing 
the steam passages is adjusted in position. It will be seen at a glance 
that the amount of actual wood pattern-making is very small compared 
with the importance and size of the casting to be produced. 

Now, keeping in view the principles set forth in this system of 
pattern work, it will not require a great effort of the imagination 
of my readers to picture to themselves a considerable expansion of 
the adaptability of these principles. So that in many cases where only 
one or two reproductions are required it is possible instead of making 
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elaborate and expensive wood patterns to make only a rough frame- 
work, which can be filled in with loam strickled up to shape and then 
dried, after which the dried loam model will itself serve as a pattern 
whereupon to build the mold. By the exercise of ingenuity much 
wood pattern work can be saved ; but it requires a clear comprehen- 
sion, and whoever undertakes it must have it all clearly depicted in 
his mind's eye before he makes a start, for even mechanical drawings 
cannot represent all the points of difficulty which may arise. 

To return to the subject of molding, there is unquestionably some 
difficulty in making large castings whose thicknesses of metal shall be 
in accurate accordance with the drawing. This uncertainty of foundry 
work is so well recognized by engineers that it has become a custom 
to allow margins of thickness to guard against foundry irregularity. 
The molder on his part is very apt to rub down his cores or mold 
where, after drying, they do not thoroughly correspond. The result of 
these two additions sometimes appears in a very considerable excess 
of weight, which is very difficult to check. My attention was espe- 
cially called to this subject by the pressure which was put upon us by 
the naval authorities when they reduced the weights available for the 
machinery of war vessels ; hence I decided to make an effort to pro- 
duce absolute accuracy in the foundry, so that the draughtsmen could 
reduce their thicknesses with security. To attain my object I had 
every core and mold gauged, and the whole mold taken to pieces a sec- 
ond time to examine the thickness of the balls of soft loam which 
were introduced as the gauges before finally putting together. By 
perseverance we trained the men so that we ended by producing a 
series of fourteen cylinders ranging from 74 to 90 inches in diameter, 
where the greatest error ranged only from + to — -^^ of an inch on 
a thickness of about \\ inch. We ascertained this positively by drill- 
ing the whole series of castings in all parts, and making gauges as 
records. The reduction of weight was so remarkable that I was sent 
for to the Admiralty to explain how the cylinder weights returned were 
so much below the usual standard. 

Apart from the mere reduction of weights, thinner metal always 
tends to be stronger in proportion, which can be readily seen by com- 
paring the fractures of two considerably different thicknesses. 

I now pass on to the mixing and melting of the metal. Iron 
founding presents a valuable field for observation and adaptation of 
resources, and when skillfully managed has immense capabilities. It is 
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by no means a simple problem to produce large castings of the quality 
exactly suited to their special duties. In order to gain the necessary 
knowledge to conduct a foundry on best principles, an engineer should 
make himself acquainted practically with the methods of production 
of pig iron from the ore at the smelting works, and with the general 
principles of working the blast furnaces ; he should also endeavor to 
accustom his eye to form a rough judgment of the physical properties 
of special pig irons by observation of the color, grain, and other 
peculiarities of fracture. A visit to a large smelting works will teach 
more than any amount of reading, and the engineer will there learn 
to appreciate better the classification by grade and number of the 
various pig irons produced. Analyses are, of course, of great value, 
but texture and grain also enter very seriously into the problem of 
success in practical founding ; hence a practiced eye is a great assist- 
ance in suggesting mixtures and improvements in quality. 

In addition to the importance of producing castings of the best 
quality great economy can be attained by skill in selection. It is fre- 
quently possible to substitute for an expensive brand of pig iron a 
mixture of two or more cheaper brands, which will produce an iron 
equally good at least, and in some cases better, by imparting other 
valuable properties which the single expensive brand would not have 
possessed. To attain success in selection you must not trust your 
judgment alone, but must always check it by casting regularly from 
your daily melting experimental bars, whose results should be kept in 
a book, compared and registered. There is no more useful way of 
utilizing a slack time in your foundry than by making a number 
of purely experimental mixtures. By steadily working on these lines 
at Maudsley's we succeeded finally in producing with regularity and 
certainty, and at moderate cost, a quality of cast iron which was from 
40 to 50 per cent, stronger than the accepted standard, and yet was 
fluid enough to use in large cylinders and other intricate castings. 
The basis of this mixture was a large proportion of hand-selected 
engine casting scrap, which probably had been melted at least four 
times ; to this basis we added, according to the purpose of the casting, 
two, or sometimes three, different brands of fresh pig iron in propor- 
tions determined by previous experiments. 

The great value of a regular system of experimental bars is ac- 
centuated by the fact that it is a matter of common experience that 
sometimes, in a comparatively short period of time, brands of pig iron 
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produced at the- same smelting works will vary materially from an 
engine founder's standpoint. I do not think the explanation is far to 
seek when one remembers the immense variety in the mineral prod- 
ucts of nature, and the immense difference in properties which occurs 
sometimes between two contiguous seams of coal in the same colliery. 

My readers must please remember that in all I have said above 
I am not advocating an elaborate and costly system of experiments, 
but only the simple method of casting regularly i inch square bars 
of a standard length, which are to be broken between standard sup- 
ports, the results being registered. I reserve complete experiments 
only for those cases where the mixtures are of great promise and are 
likely to repay the trouble and outlay. 

I pass on now to the melting process. I personally never have had 
the slightest desire to return to the use of the reverberatory air fur- 
nace for melting iron, not even for the most critical work. I have 
found the cupola to give splendid results when well managed. In what 
follows I assume that my readers are generally acquainted with the 
cupola furnace, but I believe that I shall give them a closer insight 
into the principles of its management if I carry them through my own 
personal experience. 

When I started as a member of Maudsley's firm I found that it 
required about eight hours or more to melt 42 tons. To do this 
there were in blast four cupolas, whose respective capacities were 
about 15, 12; 10, and 6 tons. It was then the usual custom to 
accumulate the metal on the hearth of the furnace, which of course 
involved raising the tuyeres according as the level of the molten metal 
rose in the cupola. The blast fans were driven, as is very commonly 
done, from one of the lines of shafting in the works, and hence were 
subjected to all the small variations of speed which occur in such 
cases. The consumption of coke* per ton of iron melted was roughly 
2^- hundredweight, certainly not less. When the furnaces were tapped 
the bottom metal was rather dull after lying so long, but the average 
temperature was very fairly good and the resulting castings were 
sound. Still, I did not feel contented ; there seemed to me possi- 
bilities of great improvement, and in this view my dear friend, the 
late Mr. John Timme, the works manager, cordially agreed. I ac- 
cordingly started to entirely reorganize the whole arrangements for 
melting upon the following lines, which were more or less suggested 
to me by my observations of blast furnaces. 
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I. In order to have a much higher pressure of blast I ordered 
a very large diameter fan, which at full speed would give a pressure 
equal to a head of about 12 inches of water. 2. This fan was to 
be driven by a separate engine reserved for this duty alone, so as 
to insure perfect steadiness of blast. 3. I had an iron blast main 3 
feet in diameter fitted, upon which were 'placed the standpipes for the 
tuyeres ; each standpipe was provided with a shut-off valve, and the 
tuyere pipes were made to slip into place quickly by means of a bayo- 
net joint, so as to reduce the time required for shifting the tuyeres. 
4. In view of the increased pressure of blast (from formerly 3 to 
3^ inches of water to 1 1 inches) we raised the charging door about 2 J 
feet, so as to have more material to absorb the escaping heat. 

The result proved most satisfactory, and with an air pressure of 
II to 12 inches of water the metal was white when it came from the 
furnace, the coke consumption greatly reduced, and the time of melt- 
ing, also. After about a fortnight my big fan unfortunately exploded, 
and as it was absolutely necessary to make some more very heavy cast- 
ings immediately, I purchased the largest fan which I could find in the 
market, but at the same time increased the volume of the blast. We 
started again with 9 to 10 inches of pressure, and continued to do so 
well that I decided to be content with the new fan. In a little time 
my old friend Mr. Hugh Gray, the foundry foreman (a Scotchman), 
suggested that he should tap the metal out of the furnaces, one ton 
at a time, into the ladles, instead of having it accumulate in the fur- 
nace, whereby he intended to save the time and the labor of raising 
the tuyeres, which involved checking the furnace for eight minutes 
each shift. He had the ladles lined extra thick to prevent the heat 
soaking through, and at each tapping threw on the surface of the 
metal a lot of fine charcoal and coal dust, which made a solid black 
cake on the top. There was a very decided gain in the time required 
for melting after this was commenced, and when we had reduced the 
diameter of the furnace for about 4 feet above the zone of fusion at 
the tuyere (which made the cupola pretty much like a blast furnace 
bottom), we had arrived at' the climax.. This proved to be that we 
could now, with only two furnaces in blast, melt 16 tons of metal per 
hour on a consumption of i hundredweight of coke per ton of iron ; 
but in addition the metal in the ladles was so hot that we had to let 
it stand a long time before we dared to pour it. This proved to be 
a very great benefit, for I have watched the ladles for long periods 



I go George Duncan, 

after the crust was removed, and observed that the metal was in con- 
stant motion and always engaged in separating from itself impurities 
which it threw up to the surface. I am convinced that the great 
homogeneity of our castings partly sprang from this cause ; they were 
very dense and bright, as well as homogeneous, and were absolutely 
free from the peculiar cloudiness which in our earlier metal suggested 
to me the presence of graphite in suspension. Dr. Percy found graph- 
ite in several Scotch brands of pig iron where the pressure of blast 
was too low for the duty, and carbon therefore remained in excess in 
the furnace. 

The great reduction of coke consumed per ton was of course 
mainly due to the very large mass (nearly 9 feet) of material now 
carried above the tuyere, which absorbed much of the heat which was 
formerly wasted. 

I have dwelt very long upon this subject, not only because of its 
importance, but also because I found when I tried to collect informa- 
tion from others at the time of our contemplated reorganization that 
very few persons knew what they really were doing in their foundry ; 
a great deal too much was taken for granted as long as the castings 
were sound, for no foundry foreman can devote himself to experi- 
menting without neglecting his other duties ; besides which my expe- 
rience has shown me that it is almost as easy to fall unwittingly 
below the standard strength with an apparently good mixture of iron, 
as it is to rise above it. 

My next subject is the shrinkage of castings. Cast iron shrinks 
-^^ of an inch to every linear foot when cast in bars, but my observa- 
tion of large and intricate castings has proved to me that this rule is 
only a vague indication of what is likely to occur. I have known 
cases where a cylinder of 85 inches in diameter did not shrink at 
all in diameter, and another instance where it became oval, actually 
expanding slightly in one direction without shrinking in the other. 
These and other circumstances led to my making a few experiments 
to see if I could find out any indication of a rule. I cast circular 
solid plates and rings of same diameter and thickness, but never suc- 
ceeded in establishing any rule ; the results were utterly anomalous 
and illogical. I had so much else to do that I had to leave this subject 
for other work more pressing, but it is a subject which would, I be- 
lieve, well repay the Institute of Technology to investigate patiently. 

Strains from shrinkage are very long lived. I have known cases 
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where pistons, which were apparently perfectly sound, have broken 
many months later at sea from what were undoubtedly shrinkage 
strains, which had gradually developed a fracture. Such examples as 
these emphasize more strongly than any words of mine the value 
of selecting iron suitable for special duties. 

I will say one word of warning as to designing large cylinders. It 
should always be remembered that where ribs spring from the face or 
body of a cylinder there is a decided risk of sponginess or a **draw*' 
occurring in the wall of metal. If the ribs are made decidedly thin- 
ner than the metal whence they spring this risk will be very greatly 
reduced. The hydraulic test generally reveals the evil, but it is often 
very difficult to discover whereabouts it starts, and generally more 
difficult still to remedy it. 

The alloys of copper are too numerous for me to speak of, hence 
I restrict myself to a few cautions. 

Be very careful of your mixtures and of the purity of their com- 
ponents ; also be as careful of the way you melt and mix them. 

Believe in nothing without checking it by experiment, as a small 
loss by evaporation of one of the more volatile metals may entirely 
vitiate your result. 

I now pass on at once to the all-important subject of steel cast- 
ings. I will preface my remarks by a simple caution. If you humor 
steel and adapt yourself to its demands, it will prove an excellent 
friend ; but if you proudly try to force it, you will find it an almost 
irresistible opponent. This lesson remains firmly impressed upon me. 

At the very outset steel presents great difficulties. The shrinkage 
is A of an inch per linear foot ; the temperature of molten steel is 
so high and the metal so searching that the molds and cores have to 
be made of a refractory material which is as hard and rigid as sand- 
stone. The consequence of this is that any form which grips the 
mold or core, and has no means of easement, must set up incalculable 
strains in the angles of the casting during cooling ; sometimes these 
strains will produce gaping cracks, but more often there occurs a mul- 
titude of fine flaws scarcely discernible by the unaided eye. 

My firm was either the first, or one of the very first, who attempted 
to employ cast steel on a grand scale throughout marine engines. We 
employed Messrs. Jessop, who had peculiar facilities for turning out 
large " pot steel *' castings, with which we first began ; then we fol- 
lowed them into open hearth steel, which gave greater range in weight 
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of casting. When we started I determined to go very cautiously to 
work, so as to avoid risks and gain every one's confidence in our steel 
work ; therefore, after preparing our designs for cylinder columns and 
foundation frames, I invited the most practical steel founder of my 
acquaintance, Mr. Frank Hall, of Jessops, to come and criticise them 
from his own point of view. The outcome of our combined efforts 
was that our very first order for twenty-four cylinder columns and 
twelve large foundation frames was completed without one single fail- 
ure or flaw. Some years after I had occasion to go through our steel 
record and found that out of some thousands we had had to reject less 
than 2 per cent. We adhered firmly after our first conference to the 
H section, to the exclusion of the box section, and later experience 
has more than ever confirmed me in the opinion that it is practically 
impossible to produce a large steel casting of the box form which shall 
be absolutely free from "strains" in the corners. I have met with 
a great deal of trustworthy private evidence confirming this. 

After we had fairly started in steel and had begun to take full 
advantage of its strength, I found some cylinder columns delivered 
which showed slight symptoms of straining in the extreme angle join- 
ing the web to the plates of the H. I therefore had Mr. Hall come 
to see them ; in course of conversation he suggested strong brackets, 
but he reserved judgment until he returned to Sheffield to examine 
more castings ; then he wrote, asking us to try very thin brackets, only 
^ of an inch thick, saying that, as these brackets would set before 
either the web or plates, they would form a firm tie to both and 
distribute the shrinkage strain over a large area. This proved to 
be absolutely correct. 

Steel forging is too large a subject for me to deal with properly in 
any general- way, but I will include a few instructive examples from 
practice which will be of value. I wish to premise that when I speak 
of steel forgings in our own works it is to be understood that each 
one of them, like all our steel castings, had been properly inspected 
before leaving the steel-maker's hands, and that test pieces had been 
cut from each article which had been tested in a powerful machine 
and then stamped in regular order, noting the tensile strength and 
elongation. 

To proceed ; a large forked-end connecting rod, having a T at the 
other end, is more or less difficult to produce in steel so that it shall 
be absolutely free from defect. An imprisoned gas bubble will extend 
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in the forging process, causing an internal flaw, besides which there are 
plenty of other possibilities. Usually these rods are forged from an 
ingot sufficiently large to produce the T end, and as the piping of an 
ingot generally extends to two fifths of its length, the original ingot 
is very large and the waste cut off considerable. The ingot is forged 
down to shape and is laid down with a solid mass at the fork end. In 
the days of wrought iron forgings I had observed, first, that when we 
slotted out the fork of one of these rods (diagram 2, page 195, Figures 
I and 2) that the sides of the fork had a tendency to spring inward, 
which was exaggerated when we parted in two the solid heads of con- 
necting rods made as in diagram 3. This indicated the existence of 
strains set up by the cooling of such a mass ; besides this I had noted 
that the lump cut out of these masses was decidedly more crystalline 
at the heart, which one would expect. These two circumstances gave 
me a prejudice against solid forks, hence I determined to try and avoid 
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them in steel. I mentioned my views to Mr. Frank Hall, and found 
that he also wished to move in the matter ; but he was actually going 
to cast some connecting rods to shape in a special quality of steel. 
I thought this was going too far, and that he was introducing other 
risks, so I asked him to cast for us ingots having at the bottom end 
a roughly molded fork, which, from its being subjected to the great 
pressure due to the whole head of molten metal in the mold, could 
not fail to be sound and free from bubbles. The remainder of the rod 
was to be forged as usual out of the mass of the ingot above. These 
rods proved thoroughly successful, but as this was a departure from 
general practice I took the extra precaution of making a complete set 
of check tests from pieces which were trepanned from both sides of 
the fork, from the T end, and from both ends and middle of the shank 
of the rod. These latter were facilitated by our having, purposely 
designed the rod to be bored throughout its length for strength and 
lightness. When this 2^-inch hole was finished we examined the in- 
terior by means of a mirror at one end and a light placed at the other. 



194 George Duncan, 

All the tests came out correctly, corresponding very closely with the 
original results at Jessop's works. After we had established our set 
of trepanning tools we often had recourse to check tests, which are 
very reassuring. 

It may be of some interest to my readers if I give an account of 
the discovery of a defective rod. The connecting rod in question 
resembled closely that shown in diagram No. 2 ; it had been carefully 
examined by the marker-ofF in the machine shop, and had nothing 
about it to excite suspicion. It had been machined all over, except the 
flat across the fork end where the fork springs from the shank which 
was then in progress. By chance I was detained near it, and while 
discussing some matter I had my eye on the slotting tool and observed 
that it tripped very slightly in passing a particular line along the fork. 
Mr. Timme and I went to see what it was, but found nothing more 
than a slight trace of a line about half an inch long and finer than 
a gossamer thread. However, as it was the first rod of a set, we 
thought we would put a wedge in the fork just to reassure ourselves. 
The half fork broke off at the third blow, revealing a large flaw like 
Figure 3 on diagram No. 2. We tried two more rods with the same 
result, and then returned all the set to the makers, a most respected 
firm who were much distressed about it. Later experience has fed me 
to believe that they were all cases of imprisoned gas due to the ingots 
not being large enough for the forging, but at that early time it was 
a mystery to all concerned. 

I now come to boilers and boiler work, and as the many t)rpes of 
marine boilers include all the difficulties and troubles of other boilers 
in addition to some special troubles of their own, I shall take marine 
boiler work as my subject. 

In these days when steel plates and machine tools have reduced 
boiler-making to a comparatively simple system, I think there is some 
danger for those who have not grown up with it to miss some of the 
important principles involved. I have therefore determined to follow 
in this case, as before, the method of carrying my readers through my 
own practical experience and reasoning. This will not be wasted time, 
because whenever serious repairs are needed you must, perforce, return 
to hand work, and that frequently under difficulty and disadvantage. 

In the old days of low pressure and "box boilers '* (where the sides 
and all parts of the outer shell depended entirely on stays), plates sel- 
dom exceeded ^ of an inch for the sides, and ^ inch for the bottom 
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plates ; rivets were generally |^ inch diameter, and at most \ inch ; 
hence it took but little skill to make rivets fill the holes in such thin 
plates, and a good head could be formed by a snap tool whose section 
was a segment of a circle. The boiler drawing in those days was 
more of a suggestive diagram showing the spacing of the stays than 
a full working drawing, for the foreman of the boiler shop had to deal 
with a forest of stays crossing each other, which he had to keep apart 
from actual contact by humoring them a little according to discretion. 
After 35 pounds pressure there came a sudden break; cylindrical boil- 
ers with 60 pounds pressure of steam and the compound engine came 
out together. Shell plates grew much thicker as pressures increased, 
and rivets also had to be made larger and longer. 

One day I received from a Liverpool engineer a bag full of rivets 
which had been cut out of one of our boilers where the thick tube 
plate joined the furnace crown. They all had been leaking, and clearly 
had not filled the holes except for a short depth under the snap head, 
though the boiler had been perfectly tight under 125 pounds hydraulic 
pressure. I went to Liverpool and examined all the holes which were 
good ; then I realized that all hand work required complete reorgan- 
ization if we were to have tight work with thick plates and high 
pressures. 

I started on the principle that the rivets must be first made to fill 
the holes absolutely, and that the head was an after consideration. 
To insure this I made the riveters cool the point of each rivet nearly 
black before putting it in ; then I let them give a few blows with their 
hand hammers to steady the rivet, after which they had to apply snap 
No. I (diagram 4, Figure i), using only sledge hammers. When this 
was solid the finishing snap tool was applied (diagram 4, Figure 2) 
till the rivet head was finished. As will be seen by the diagram the 
snap head was small and had little cover, only just closing over the 
partial countersink in the plate. When the set of boilers were com- 
pleted I had about 5 per cent, of the rivets' heads cut off all over them, 
and found that it required from seven to eleven blows of a sledge ham- 
mer to punch out the parallel body of the rivet. The riveting of these 
boilers was ugly to look at, but the boilers remained remarkably tight 
after several years' work. It was clear that I had grasped the right 
principle, but the work was so severe and tiresome to the men that 
some modification was necessary to avoid the risk of men shirking in 
the absence of the foreman. As the cover of the rivet heads above 
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mentioned had proved to be rather too small on examination of those 
cut out, I increased the diameter of the head. Then I allowed the 
men to cool the rivet point very slightly only, and to knock it down 
another stage with the hand hammers (see diagram 4, Figure 3), using 
only one snap tool to make the rivet fill the hole and finish off the 
snap head. This new snap tool I had myself schemed on the princi- 
ple indicated by the dotted lines on Figure 4, diagram 4, so as to 
direct all the force of the blows inside the rivet hole to a point just 
under the pan head; the snap head not beginning to be formed until 



the hole would refuse entry to any more material. The peculiar point 
of the snap acted as an excellent telltale, for if the rivet was too 
short or did not fill the hole there would be no point to the snap 
head. 

After this all went well until the great increase in thickness of 
shell plates demanded again larger rivet work. The men could do 
I inch work pretty well, but i^-inch riveting was practically beyond 
their power ; hence as soon as Mr. Tweddell brought out his hydraulic 
riveter we ordered one made. This difficulty was scarcely over when 
we began to find that with the increasing thickness and size required 
iron boiler plates were rapidly deteriorating and becoming more and 
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more laminated. This was threatening to bring steam pressures agam 
to a standstill, when Dr. Siemens started his first open-hearth Siemens- 
Martin mild steel furnace at Landore. The British 
I Admiralty gave him a trial order for the ship plates 

of the two fast cruisers. Iris and Mercury, for which 
vessels we held the contracts for the engines. After 
seeing the quality of the mild steel, we offered to con- 
struct the boilers of this material at our own risk. 
These were the first mild steel marine boilers. 



I 




It very soon became evident that there would be 
almost no limit to the size of steel plates. I there- 
fore decided to set to work at once to sweep away all 
the remaining hand work and to replace it- by special 
machinery, as being the only certain method of insur- 
ing perfect boiler work for high pressures. I have 
given in diagram No. 5 our method of making butt 
joints by machining together the scarfs of the outer 
butt strip and the shell plates where the butt strip 
was tucked in. Diagram No. 6, Figure i, shows how 
the front plates were brought together with fitted cor- 
ners and scarfed together in the machine as seen in 
Figure 2, thereby preserving the true circular form 
of the built-up front plate without any break or crevice. 

Where joints are not so fitted there are always points where the 
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tightness depends on the calking or on a wedge piece driven in to 
fill the gap. I do not consider such work admissible with the modern 
very high pressures, as even if the joints are tight at first there is 
almost a certainty of their weeping after the boilers have been at 
work some while. 

In the days of iron plates it was usual to thin down the corners of 
plates in the fire, and sometimes even to light a fire against a joint 
of the boiler so as to close it in place. This custom remained after 
the introduction of steel, but very soon it was discovered to be most 
pernicious, as the local heating of steel plates sets up all manner of 
strains when cooling, and generally cracks the plate at that part. 

I will relate our earliest experience in order to emphasize this 
point. A shell plate had been heated and thinned at the corner by 
hammering; about an hour later it cracked with a loud report, the 
crack extending inward about 9 inches. The maker came to see it, 
and was somewhat puzzled, as he declared the plate was perfect by test. 
He consented to my proposal to continue the crack by hammering in 
steel wedges, but added that he did not believe the crack would go 
further, which proved correct. The frequent recurrence of these 
cracks in several works led to the publication of the danger of local 
heating of steel plates. Of course where plates have to be heated 
for flanging, they have to be carefully annealed before laying them 
down. All steel stays should be worked out of the solid, for welds 
are not to be trusted in such vital parts ; even the best welds are very 
liable to be crystalline. 

When stay tubes are used in a boiler the threads of the tv/o ends 
must absolutely correspond in pitch ; in other words, they must be 
continuous, and when properly made should screw into both plates 
with quite a moderate strain. Whenever stay tubes require much forc- 
ing it is almost invariably due to the threads not being continuous, 
which is very mischievous, as it tends to buckle or spring the tube 
plates. . It requires some care to make a good set of continuous 
threads, but with accurate gauges the tools can soon be established. 

Boiler repairing and patching generally has to be done on board 
ship, and very often under great difficulty. It requires good judgment 
and all the experience and ingenuity you can command. When a patch 
has to be put on a furnace the patch should be applied on the water 
side of the plate if possible, as on the other side it never stands well 
for a long while ; the rivets in all furnace and flame box patches should 
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be countersunk and well knocked down to keep them from the rush 
of the flames. I will mention only one example of a patch, a pretty- 
bad one, however, where by a lucky idea I got out of the difficulty of 
patching inside the furnace throat. Diagram 7, Figure i, shows the 
position of the crack which occurred in the dome-shaped plate, form- 
ing the end and throat of the furnace of a Holt boiler. The plate 
had been made from a large circular flat plate, and was therefore much 
punished in working into form. The crack was in an inaccessible 
position ; you had to go head downwards, and then could only reach 
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the crack with one hand. I bethought me that one hand could sup- 
port a light box, and that if we cut out the crack we could make 
a plaster of Paris mold of the whole surface by pouring the plaster 
through the hole into the box. This succeeded admirably, so that we 
cast from the plaster of Paris model a reverse whereon we could abso- 
lutely finish the patch before offering it in place. This patch was in 
perfect condition five years later when I last inquired after it. It is 
represented in diagram 7, Figure 2. 

The subject of repairs leads me to mention a very important mat- 
ter, which, however, mainly affects marine boilers, though the principle 
involved is of general application. I refer to the accumulation of oil 
or grease upon furnace plates. 
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The use of surface condensers necessarily collects somewhere in 
the engines or boilers every drop of oil used on the internal parts of 
an engine. When pressures were moderate and salt water was still 
admissible into the boilers, it was a common practice to dose the sur- 
face condensers with caustic potash so as to dislodge the collected 
grease, and then to work as a common jet condenser for a few min- 
utes so as to pump all the grease overboard through the discharge 
valve. With closer staying this practice was stopped, and there oc- 
curred from time to time serious bulgings of furnaces, also some col- 
lapses of crown plates attended by loss of life. Inquiry showed there 
had not been shortness of water, and I believe Mr. William Parker, 
then the Chief Inspector for Lloyd's, was the first who suspected 
grease as being the true cause, in which, after a long series of experi- 
ments on greased plates and some unfortunate confirmation on a large 
scale at sea, Mr. Parker proved to be absolutely correct. 

I had the privilege of knowing Mr. Parker, and he gave me an 
interesting specimen of water and oil taken from a large Liverpool 
liner's boilers. The grease remained always collected in a large sphe- 
roidal mass ; some days it would be floating on the water at the top of 
the bottle, and on other days it would lie on the bottom. Probably 
this arose from change in atmospheric pressure, but it was very sug- 
gestive of what occurred in boilers under steam. Now all engines are 
being fitted with filters to collect the grease from the feed water before 
it enters the boilers. 

Before finally leaving the subject of boilers I wish to draw atten- 
tion to an oversight which is not uncommon in arranging the staying 
of the flat crowns of flame boxes and furnaces, which destroys the 
equilibrium of the circular shell above them. Sometimes with very 
high pressures it is very desirable to relieve the thin vertical plates of 
these flame boxes and furnaces from the great pressure transmitted 
to them by the bridge bars which support the flat crowns ; this can be 
done by carrying hanging stays upwards from the middle of the bridge 
stay, or occasionally the bridge stays are omitted and separate vertic^ 
stays are distributed over the flat surfaces. In either case, to attach 
tbjse stays to the shell of the boiler must destroy the equilibrium of 
the circular form, unless you compensate the half shell to which they 
are attached by working inside it a T iron or double angle iron, which 
shall carry this extra strain like a bridge springing from the lower half 
diameter. No doubt plates are very long suffering and that there are 
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plenty of boiler shells at work in this unbalanced condition ; but that 
does not make it right, nor would those boilers now pass the rules of 
Lloyd's nor of the British Board of Trade. 

I now leave boilers, and will deal with a question which materially 
affects the successful working of machines in a manufactory. I refer 
to the steel cutting tools themselves. The best angles for tools which 
have to cut the various metals have long ago been established, and were 
first published in admirable detail by the late Mr. Holtzappfell in his 
original and very important work on mechanical manipulation ; but he, 
like those who have followed him, seems to have overlooked one point 
in theory of construction of cutting tools which happened to force 
itself very notably upon me in practice. When we received our first 
large steel castings from the makers, we supposed that they would 
require a slower speed than wrought iron, and allowed twice the time 
for machining them ; but we had only started a few days when the 
foreman came to me in despair, saying that it was useless to attempt 
such a speed. I accordingly went myself to see what could be done. 
I found that it required six times longer than wrought iron. I exam- 
ined the men and their tools, and found that the strain on the machines 
was really very great. I tried another tool steel, but in vain. I no- 
ticed, however, that the extreme cutting edge was blunted by being 
almost fused by the heat of abrasion and not so much from being 
ground away, yet it was impossible to get water to it ; whence it sud- 
denly occurred to me that if the mass at the front of the tool close 
to the cutting edge were very great the heat would be rapidly con- 
ducted away by the mass of metal. I had a 2-inch square section 
steel brought, and filed the square end back just suflRcient to clear the 
work, and on the front side I hollowed out only a suflficient curve to 
allow the cuttings to curl up, making the cutting angle as for iron. 
When the machine was started all went well nearly at same speed as 
for iron, proving that I had struck on the right theory. 

I will now make a few observations on the question of the value of 
steam jackets, for which I have been until the last few years a con- 
sistent advocate. My doubts began only when we began to increase 
so much the speed of piston and the number of revolutions per min- 
ute, which appear to me the most important factors of all in esti- 
mating the value of steam jackets. Steam jacketing began with the 
celebrated Cornish engines, which had a long stroke and made at most 
about 4^ strokes per minute ; this is perhaps the best possible case for 
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the use of a steam jacket, the more so as there is quite an appreciable 
time between the closing of the equilibrium valve and the opening of 
the exhaust, during which time the heat can flow pretty freely through 
the metal wall of the cylinder and help effectually to heat up the inter- 
nal surface. Now, when you contrast the modern fast-running engine 
with the Cornish engine you cannot fail to see that the case is exactly 
reversed, and that the fluctuations in temperature inside the cylinder 
occur, as it were, in a moment of time and can only affect a very 
slight depth into the metal wall, while the heat fr.om the jacket can- 
not quickly reach the internal surface of the cylinder as it has to 
travel through the entire thickness of the wall ; in other words, it 
arrives too late. 

Since I delivered my second lecture, in which I mentioned these 
views, I have received from the Institution of Civil Engineers in Lon- 
don Mr. Bryan Donkin's valuable paper on condensation of steam in 
cylinders, giving a full account of his very careful experiments, which 
confirms the accuracy of the above reasoning. I think, however, that 
there remains an argument in favor of steam jackets ; namely, that 
they act as a perfect casing to the cylinders as against external radi- 
ation ; and as it is customary in all marine engines to fit separate work- 
ing barrels, it costs very little to make the space between the barrel 
and the outer shell available as a steam casing or steam jacket, if that 
name is^ preferred. 

In conclusion I desire to repeat and to emphasize the advice I gave 
to the whole class when I delivered my lecture orally : " Go into every 
department of some large engine works and work with your own hands 
as a common workman, and with your brains as a graduate of this 
institution ! " There is no other royal road to become a thorough 
engineer. 

That which you will learn by practical and manual work in the 
shops is of a quality which cannot be produced by any scientific insti- 
tution. The learning of the manual use of tools in your workshop 
here is excellent, but that is not enough. It is only the prelude to 
practical engineering where in a large works you will daily find yourself 
face to face with the difficulties of. handling large pieces of work. 
This is the class of experience which opens your mind and where 
your store of scientific knowledge accumulated in this institution will 
begin to have full play and will give you much quicker insight than 
others into the underlying principles of things. I speak from positive 
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knowledge and experience, besides which I could quote lists of distin- 
guished engineers who would bear the same testimony. 

In addition to all I have written above I can quote the lower mo- 
tive of self-interest as a forcible argument, for there are numberless 
positions from which the lack of a regular workshop training would 
tend to exclude you. No large ship-owner, nor other man in a respon- 
sible commercial position, can afford to run risks in the choice of a 
man who is to have a great charge. He will wisely prefer the so-called 
practical man, even if he is no genius, to any man lacking real prac- 
tical experience, no matter how able or scientific he may be. 

You must remember that the workshop-trained, unscientific, but 
practical man cannot avoid absorbing a good deal of what I may be 
permitted to designate as "practical theory and science" by simply 
observing what surrounds him when he is at work in shops or the 
engine room ; hence this man is not really devoid of science, and 
although his theoretical knowledge may be narrow, yet he will not be 
averse to move on steadily and cautiously. Such a man has no mean 
value, commercially speaking. It needs no further words of mine to 
demonstrate the beauty and the value of combining science with prac- 
tical experience. 

I am perfectly aware that what I am demanding from you requires 
some sacrifice on your part, and may even involve a strain on your 
parents' resources ; but if they can afford to wait, their patience and 
yours will reap a large and full reward. 
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AN APPARATUS FOR MEASURING DIFFERENCE OF 
PHASE BETWEEN ALTERNATING CURRENTS. 

By LOUIS DERR, M.A., S.B. 

Most of the methods hitherto employed for the measurement of 
difference of phase between alternating currents (vide La Lumikre 
Electrique, March 10 and 17, 1894) assume that the currents meas- 
ured are truly sinusoidal in character, or demand exceptional condi- 
tions of steadiness. The method here described is applicable to the 
measurement of periodic currents of any form whatever, and can be 
used under ordinary conditions. 

The apparatus is a modification of that employed by Dr. J. Puluj 
for a similar purpose, and described at length in the Elektrotechnische 
Zeitschrift for December i, 1893. Dr. Puluj's apparatus consists in 
brief of a pair of electromagnets, each carrying a flat steel spring at 
the free end of its core, a small mirror being mounted on the spring. 
A beam of light is reflected from one mirror upon the other, and 
thence to a screen. If alternating currents are sent through the 
magnet coils, the springs will be set vibrating, and the spot of light 
on the screen will be lengthened into a line if the springs are parallel ; 
and if the springs be turned so that the vibrations are perpendicular 
to each other, the line becomes an ellipse whose dimensions afford 
a measure of the difference of phase between the currents in the 
coils. 

It is evident that to maintain an ellipse sufficiently stable to permit 
measurements of precision requires great steadiness in the currents, 
a condition not always obtainable. The springs give best results when 
their period of free vibration is that of the current or its octave, and 
slight changes of the current period will throw them out of tune, in- 
stantly affecting the amplitude of vibration, as the inertia of the mov- 
ing parts is very small. Belt slip at the generator, irregular load or 
changes of steam pressure, make precise measurements very difficult. 

To obtain results without the steadiness demanded by the above 
method, the following modification was devised by the writer and sue- 
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cessfuUy used by Messrs. L. R. Nash and J. C. Nowell, of the class of 
1894, in their thesis. The two electromagnets were placed side by 
side, and the beams reflected from their mirrors received upon a pris- 
matic mirror and thence sent to the screen. This is shown in plan in 
Figure i. In this case the spots of light which appear on the screen 
when the mirrors are at rest are elongated into two vertical' lines when 
currents are sent through the magnets, and these lines are drawn out 
into curves which flash across the screen when the prismatic mirror 
is rotated. As the motion of the springs is harmonic, these curves 
are sine curves, and thus bear no necessary resemblance to the original 
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wave form. Figures 2 and 3 show some of these curves, whose wave 
length is, however, much less than that employed in measurements. 

The theory of measurements is as follows : If the spots of light oa 
the screen are in the same vertical line when the prismatic riiirror is at 
rest, the curves produced by revolving it will have the same time origin, 
and will be parallel if they are in the same phase. Any time lag of 
one behind the other will be shown by a lateral shifting of the lagging 
curve ahead of the other, and if a variable inductance is inserted in 
the circuit of By the ^-curve will be seen to move farther and farther 
ahead of the -^ -curve as the inductance is increased. The difference 
of phase is thus evident to the eye, and to obtain a direct measure of 
it requires only a knowledge of the angle through which one curve 
must be shifted to bring it into parallelism with the other. This is 
readily expressible in degrees by finding the angle through which B 
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must be turned to bring E and F (Figure 4) into the same vertical, 
and then finding the angle through which B must be further turned to 
bring G and E into the same vertical, the first adjustment giving the 
portion of a wave length by which the two curves are separated, and 
the second the value of the whole wave length. Calling these quanti- 
ties c and dy respectively, the phase difference of the curves on the 
screen is, in degrees, 360^/4. 

One consideration is to be noted here, that as the vibrating springs 
execute a complete vibration for every reversal of the current, their 
vibration frequency is just twice that of the current, and hence the 
phase difference of the curves on the screen is twice that of the cur- 
rents measured. The desired value is thus 1 807^. 

As c and d are too small to be directly measured with precision, 
a multiplying device is necessary. Mirror B is turned by a gear wheel 
meshing with a small pinion which carries a long pointer moving over 




a divided scale. With this device a wave length on the screen is cov- 
ered by a displacement of 13 centimeters of the end of the pointer. 
The procedure is as follows : With the prismatic mirror at rest, 
send the currents to be studied through A and B respectively. Turn 
B until the lines on the screen are in the same vertical, and take the 
pointer reading m. Start the revolving mirror, and when the curves 
are sufficiently elongated to permit convenient comparison turn the 
pointer until the curves are parallel, and take the reading n of the 
pointer. Turn the pointer still further until the ^-curve has moved 
through an entire wave length and is again parallel to the -^-curve, 
and record the new reading p of the pointer. Then the phase differ- 
ence in degrees between the currents is 

180 ^ - ^ 

The results of these measurements plainly depend on the accuracy 
of bringing the curves into parallelism. This adjustment can be satis- 
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factorily made by moving A vertically until the curves are brought 
close together. As used in the following transformer measurements, 
the mirrors were of silvered glass and the outlines of the curves con- 
sequently indistinct from multiple reflection. This makes the adjust- 
ment less precise than might be expected if metallic mirrors were 
used, and partially accounts for the relatively large deviations attached 
to the results below. 



Small Experimental Trantformere. 


Lag in Degrees. 


Average 
DeviaUon. 


Transformer with four secondaries, idle circuits open . 


173.75 


±0.38 


Transformer with four secondaries, idle circuits closed . 


177.0 


. • • • 


Ring transformer, overwound with iron wire .... 


172.29 


±0.82 


Ring transformer, closed secondary 


176.50 


±0.50 


Two telephone induction coils in series 


332.11 


±0.84 


Giving for each coil 


166.06 


±0.42 



The following measurement affords a comparison of calculated 
with known values. The apparatus was applied to the measurement 
of the lag between the branches of a three-phase circuit. Perfect 
symmetry in the dynamo windings would give 120** in each branch, 
and in any case the sum of the three lags should be 360°. The values 
actually obtained are 119.22, 120.44, ^^d 119.44. The sum of these 
is 359.00, the average deviation (0.92) in this case being not far 
from the real error. 

Among the advantages of the method described above are : 

(a) Since the wave form does not enter the calculation, any source 
of periodic current may be employed, whether sinusoidal or not ; 

(b) slight changes in the electromotive force do not impair the 
measurements, for their effect is only to vary the amplitude of the 
curves, a quantity of small consequence ; (c) constancy in the speed 
of the revolving mirror is unnecessary, since irregularity affects both 
curves alike and does not alter their parallelism ; (d) the approx- 
imate value of the lag can be seen at once, as well as the quadrant in 
which it lies ; (e) the curves need not fall successively in the same 
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positions on the screen, as no measurements are made there, hence 
the speed of the revolving mirror need bear no definite ratio to that 
of the springs; (f) the apparatus is simple and easily constructed. 

Figure 3 shows the form of the curves produced when the free 
vibration of the springs is the octave of the current frequency. These 
curves were obtained from the three-phase circuit before mentioned. 

Rogers Laboratory of Physics, 
June, 1894, 
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THE ELECTROLYTIC REDUCTION OF PARANITROBEN-- 
ZOIC ACID IN SULPHURIC ACID SOLUTION 

By a. a. NOYES, Ph.D., and A. A. CLEMENT, S.B. 

Received October 19, x8g4- 

In an article published some time ago^ we showed that, when 
nitrobenzene in sulphuric acid solution is submitted to the action of 
electrolytic hydrogen, the resulting product is not aniline, but the 
sulphonic acid of paramidophenol. That this reaction is character- 
istic of nitro compounds in general has since been proved by Gatter- 
mann,2 y^j^o investigated a great variety of them — nitro-hydrocarbons, 
nitro-anilines, and nitro-acids — and found them all to undergo change 
in a similar way, the reduction of the nitro group being accompanied 
by a migration of one of its oxygen atoms to the para position. Only 
those compounds in which the para position is already occupied by 
another element or group than hydrogen form exceptions to this rule. 
Of such compounds only two were investigated — paranitroorthotolui- 
dine and paranitrotoluene. The reduction product of the former con- 
sisted of diamidocresol (CH3 (i), NHg (2), NHj (4), OH (5)), a migra- 
tion of an oxygen atom to the ortho position having taken place. In 
the second case there was obtained a complex body which was shown ^ 
to result from the condensation of the primary reduction product, 
amidobenzyl alcohol, with a second molecule of nitrotoluene ; thus, in 
this case, substitution of hydroxyl in the (methyl) group occupying 
the para position occurs. What reaction takes place seems therefore 
to depend on the nature of the para group, and the investigation of 
other para compounds in this direction is of considerable interest. 
We wish to describe here the reduction product of one of these, the 
paranitrobenzoic acid. We expected to obtain from it amidooxyben- 



* Technology Quarterly, 6, 62. 

'Berichte der deutschen chemischen Gesellschaft, 26, 1844. 

'Berichte der deutschen chemischen Gesellschaft, 26, 281a 
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zoic acid, or possibly amidobenzoic acid itself ; but, remarkably enough, 
neither of these substances is formed. 

The paranitrobenzoic acid used was prepared ^ by boiling for one 
hour with return cooler portions of 20 grams of paranitrotoluene with 
60 grams of potassium permanganate dissolved in two liters of water, 
filtering out the precipitate, concentrating the filtrate, and acidifying 
it. In this way 18 grams, 73 per cent, of the theoretical yield, were 
obtained. 

The apparatus used for the electrolysis consisted of a small beaker, 
to the sides of which a large platinum electrode was closely fitted, and 
in which was placed a porous cup containing sulphuric acid and a small 
platinum electrode to serve as the positive pole. The solution, made 
by dissolving 12 grams of the nitrobenzoic acid in 100 grams of warm 
concentrated sulphuric acid, was poured into the beaker, which was 
surrounded with asbestos to prevent loss of heat, and a current of one 
ampere passed through for twenty-four hours. 

To isolate the product the solution was diluted with water, cooled, 
and filtered. The precipitate was found to be very little soluble even 
in boiling water, showing the absence of sulphates of bases. It was 
treated with sodium carbonate solution, the residue consisting of sul- 
phur was filtered out, and the filtrate was acidified. A voluminous 
precipitate separated ; it was collected on a filter, and washed first 
with water, then with alcohol and ether tb remove any unchanged 
nitrobenzoic acid. Four grams of product were thus obtained. Its 
properties and analysis showed it to be paramidophenolsulphonic acid. 
It was only very slightly soluble in boiling water and insoluble in 
alcohol and ether. It reduced silver nitrate solution in the cold, with 
production of a purple color. The solution of its salts turned brown 
rapidly in the air. It gave the following results on analysis : 

Foond.^ Calculated for CeH.NHaOHSOsH. 
C 37.70 38.09 

H 3.75 3.70 

SOt 42.40 42.33 

To give further proof of the identity of the acid, some of it was 
heated to 175^ in a closed tube with concentrated hydrochloric acid. 



' Berichte der deutschen chemischen Gesellschaft, zo, 58a 

'0.3964 gms. substance gave 0.5479 gms. CO2 and 0.1336 gms. H2O ; 0.4356 gms. sub- 
stance gave 0.5380 gms. BaSQ4. 
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At this temperature the sulphonic group was split off, as is the case 
with the paramidophenolsulphonic acid.^ The hydrochlorate, which 
crystallized out on cooling, was filtered off, dried, and boiled with 
a large excess of acetic anhydride. The resulting product after crys- 
tallization from water showed a melting point of 152*^, identical with 
that of diacetylparamidophenol. 

The electrolytic reduction product of paranitrobenzoic acid is, 
therefore, paramidophenolsulphonic acid, the tendency of the oxygen 
atoms to assume the para position being great enough to expel the 
carboxyl group originally occupying it. 



* Technology Quarterly, 6, 64. 
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SOME OBSERVATIONS ON THE GROWTH OF DIATOMS 

IN SURFACE WATERS. 

By GEORGE C. WHIPPLE, S.B., Biologist in Charge, Laboratory of the 
Boston Water Works; Biologist to the Water Works of Lynn. 

Read October 25, 1894. 

For more than a century the study of the diatoms has been a fas- 
cinating pastime. Much has been written on the beauty of their form 
and markings, their animal or vegetable nature, their classification, and 
their peculiar spontaneous movements. Their study is now becoming 
one of practical importance, because it has been found that these little 
plants are often present in large numbers in the ponds and reservoirs 
of our public water supplies, and that they give rise to unpleasant 
tastes and odors in the water. 

On account of the important effects produced by these and other 
micro-organisms, considerable attention is now being given to the 
microscopical examination of water. The most extensive series of 
such examinations thus far published are those of the Massachusetts 
State Board of Health ^ and those made at the biological laboratory of 
the Boston Water Works.* The former are valuable because of their 
wide range, covering as they do all the public water supplies of the 
State. The value of the latter lies in the fact that the examinations 
have been made at very frequent intervals, and that in every way the 
work has been carried into great detail. The temperature readings 
which accompany each sample are also of great value. It is the pur- 
pose of this article to review some of the data obtained from these 
two sources in regard to the Diaiomacea, particularly with reference 
to their seasonal distribution. 



* See Annual Reports of the Massachusetts State Board of Health for the years 1890 
to 1892, inclusive. Also special Report of the State Board of Health on Examinations of 
Water Supplies, 1890. 

'See Annual Reports of the Boston Water Board for the years 1890 to 1893, inclusive. 
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It will be but a slight digression for me to refer briefly to the 
biological work of the Boston Water Works. The Biological Labora- 
tory was established at the Chestnut Hill Reservoir in the fall of 1889 
by Mr. Desmond FitzGerald, Resident Engineer and Superintendent 
of the Western Division ; and since January, 1 890, the work has been 
carried on by the writer under his direction. So far as I am aware, 
this was the first laboratory established by any city for the purpose of 
making systematic biological examinations of its water supply. Ever 
since the work was inaugurated weekly examinations have been made 
of samples of water collected from all parts of the supply, ?>., from 
the brooks, ponds, storage reservoirs, and service taps. Thus we are 
enabled to give a history of the water from the time it falls from the 
clouds until it reaches the mouths of the consumers. Since the first 
of January, 1890, more than 12,000 microscopical and more than 
S,ooo bacteriological examinations have been made at the laboratory. 
Besides the regular examinations numerous special investigations are 
constantly being made. The laboratory is provided with an excellent 
dark room, and photomicrographs of most of the important micro- 
organisms have been obtained. 

The diatoms, or technically the DiatomacecBy are minute plants 
forming a group of microscopic Algce remarkable for their siliceous 
epiderm and for their variety of form and markings. They are uni- 
cellular, though in some genera the cells are united into filaments. 
The cell contents consist of a membrane, cell sap, nucleus, chromato- 
phore plates, and sometimes oil globules and starch grains. Living 
diatoms are surrounded by a gelatinous envelope, which, on account 
of its transparency, can be seen only by adding coloring matter to the 
surrounding fluid. Of the cell contents biologists are at the present 
time most interested in the oil globules, because it is being proved that 
the oils present in the micro-organisms are the direct cause of many 
of the bad tastes and odors of certain drinking waters. 

Of the one hundred and more genera into which the diatoms have 
been classified there are not more than twenty that are commonly 
found in our water supplies, and only six have, thus far, been found 
to be of practical importance, namely, Asterionella^ Tabellaria^ Melo- 
siray Synedray StephanodiscuSy and Diatoma, Some of the other genera 
occasionally met with are Cyclotellay Cymbellay Epithemiay Fragilaria, 
Gompkonemay Meridiony Naviculay Nitzschia, Pleurosigmay Sckizonemay 
Stauroneisy and Surirella. 
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The six most important genera are not always observed in the 
same reservoir. Generally there are certain diatoms peculiar to cer- 
tain ponds. Lake Cochituate, for instance, often contains large 
growths of Asterionelluy Tabellaria^ and Melosira, and smaller growths 
of Synedra and Step/tanodiscus, Basin No. 3 contains Asterionella^ 
Tabellaria, and Synedra, but no Stephanodiscus nor Melosira. In 
Basin No. 2 only Synedra and Cyclotella are found. Fresh Pond, 
Cambridge, is famous for its Stephanodiscus, and Diatoma is often 
very abundant in the Lynn waters. Furthermore, there are ponds 
where diatoms are never found, except in very small numbers at rare 
intervals, while in neighboring ponds they may be present in such 
large numbers that a bottle of the water, when held towards the light, 
has a silvery, glistening appearance. . 

Just why diatoms grow in some ponds and not in others it is at 
present impossible to say. A suggestion as to the reason will be 
offered later on in this paper, and as the local distribution is found 
to be closely connected with the seasonal distribution these two sub- 
jects will be treated together. 

In an article by G. N. Calkins,^ on "The Seasonal Distribution of 
Microscopical Organisms in Surface Waters," it has been shown that 
there are two seasons of the year, namely, the spring and the late 
fall, when the diatoms increase prodigiously. The spring maximum 
occurs in April, and the fall maximum in December. During the 
summer and the greater part of the winter diatoms are sometimes 
found, but only in small numbers. 

My own observations on the reservoirs of the Boston Water 
Works confirm these results. I have noticed that, while it is true 
that diatoms appear with considerable regularity each spring and fall, 
the genera which appear at any given season are not always the same. 
If we consider, for example, the spring growths in Lake Cochituate, 
we find that in 1890 the Asterionella first appeared, and that this 
growth was soon followed by one of Tabellaria. In 1891 the growth 
was chiefly Asterionella, Melosira appearing about the same time but 
not developing to any great extent. In 1 892 Melosira was the pre- 
dominant diatom; in 1893, Melosira and Asterionella; and in 1894, 
Tabellaria, Asterionella, and Melosira, It would be a matter of great 



' G. N. Calkins : The Seasonal Distribution of Microscopical Organisms in Surface 
Waters. Twenty-fourth Annual Report Massachusetts State Board of Health, 1892. 
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interest to be able to account for these occurrences ; we might then 
be able to control the conditions which favor the growth of one genus 
and retard the growth of another. We should like to keep down the 
Asterionellay the diatom which is most active in producing tastes and 
odors in the water. In case we could not get rid of the diatoms en- 
tirely, we would willingly accept a growth of Synedra if we could keep 
out the Asterionella and Tabellaria, So far as I know, Synedra has 
never been the cause of any trouble. 

A comparison of the microscopical examinations of the different 
reservoirs of the Boston Water Works shows that Basins No. 2 and 

TABLE NO. I. 

Amorphous Matter. 

Average of weekly examinations of samples from the surface, mid-depth, and bottom 

for a period of four years. 



Locality. 


Number of Standard Units ' per cc. 


Lake Cochituate 

Basin 3 

Basin 2 

Basin 4 


432 
407 
322 
228 



No. 4 never have extensive diatom growths, but that in Basin No. 3 
and Lake Cochituate these plants develop regularly in the spring and 
fall. It is possible that the reason for this difference lies in the dif- 
ferent conditions of the bottoms of these reservoirs. When Basin 
No. 4 was constructed all the peat, turf, etc., was carefully removed 
from the bottom. This was done over a large part of Basin No. 2. 
In Basin No. 3 the stripping was not as thoroughly done, and the 
bottom was originally more swampy. Lake Cochituate is a deep, nat- 
ural pond with a muddy bottom. On account of this soft bottom with 
its organic matter the "amorphous matter" has always been higher 
in Lake Cochituate than in Basins No. 2 and No. 4. This is shown 
by Table No. I. 



' One Standard Unit represents a surface area of four hundred square microns. 
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The fact that the diatom growths are in some way connected with 
the muddy bottoms of ponds is also suggested by their seasonal distri- 
bution. It has been observed that the spring growths occur at about 
the same time in Basin No. 3 and in Lake Cochituate, but that the 
fall growths always take place later in Lake Cochituate than in Basin 
No. 3. The reason for this is to be found in the phenomenon of 
"stagnation.*' 

It is well known that in ponds which are more than 25 or 30 
feet deep the temperature of the wat^r at the bottom remains quite 
constant during the summer, while the temperature of the surface 
water rises and falls with the temperature of the air. The conse- 
quence is that the lower strata of water remains stagnant during 
the summer ; that is to say, there are no vertical currents in the water 
below the depth where the wind ceases to keep the water in motion. 
In the fall the surface water cools until it reaches the same tempera- 
ture as the water at the bottom. Then when the density of the water 
is the same at all depths there is a stirring up ; the lower layers are 
brought to the surface, and the light, flocculent, amorphous matter, 
always abundant at the bottom when the soil is muddy, is distributed 
through the water. . During the winter, when the surface of the water 
is frozen, there is another period of stagnation, due to the fact that 
the temperature of the water at the bottom tends to remain at the 
point of maximum density (39.2°F.), while the surface temperature 
sinks nearly to the freezing point. The winter stagnation takes place 
in both deep and shallow ponds. 

The stagnation of the lower layers is also indicated by the color 
of the water. In Lake Cochituate the water at the bottom acquires 
a dark reddish brown color during the stagnation periods, most marked, 
of course, during the summer, when the period is long. At the time of 
the "turning over" this dark water is distributed through the vertical, 
the result being to increase the color at the surface. These facts are 
shown by diagram on Plate I. 

It will be noticed that there are two periods of the year, each about 
six weeks long, when the water is in circulation from top to bottom. 
It is during these periods that the diatoms develop. Microscopical 
examinations have shown that both in Basin No. 3 and in Lake 
Cochituate the diatom growths occur soon after stagnation ends. 
The Asterionellay for instance, generally appears about one week after 
the turning over. It then increases, reaching its maximum growth 
in from twenty-five to fifty days. 
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The bottom temperature of Lake Cochituate is considerably lower 
than the bottom temperature of Basin No. 3 during the summer 
months, on account of its greater depth ; hence its turning over oc- 
curs later in the year. This explains why the fall growth of diatoms 
occurs later in Lake Cochituate. The drawing down of Basin No. 3 




each season for the supply of the city also affects the time of the 
turning over of that reservoir. 

The examinations of the State Board of Health furnish corrobo- 
rative evidence that the seasonal distribution of diatoms is controlled 
by the circulation and stagnation of the water. This may be seen by 
comparing the diatom growths in deep and shallow ponds. On the 
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assumption that diatoms grow best immediately after the turning over, 
we should expect to find in the deep ponds two periods of diatom 
growth — one in the spring, following the winter stagnation ; and one 
in the fall, after the summer stagnation. In the case of shallow ponds, 
however, we should expect to find a spring growth following the winter 
stagnation, and for the rest of the year a uniform or irregular distri- 
bution. This is found to be the case. Of twelve ponds and reser- 
voirs more than 30 feet deep, eleven show a well-defined spring and 

TABLE NO. II. 
Average Number of Asterionella in a Cubic Centimeter of Water. 

Based on Monthly Observations for Three Years. 



Month. 


Avenge of Eleven Ponds and 
Reservoirs over 30 feet deep. 


Average of Sixteen Ponds and Res- 
ervoirs less than 30 feet deep. 


January 

February . 

March 

April 

May 

Tune 


410 

331 

475 

799 

617 

89 

29 

27 

26 

47 

103 

275 


77 
58 
61 
190 
332 
48 


July 

August 

September 

October 

November 

December 


75 
46 
42 
138 
93 
68 



fall growth, while in one instance the growth was uniformly distrib- 
uted ; and of seventeen ponds and reservoirs less than 30 feet deep, 
eleven have diatom growths appearing at irregular intervals but hav- 
ing a slight spring maximum, while four have both a spring and fall 
gfrowth. 

Table No. II shows a comparison between the deep and shallow 
ponds with regard to the number of Asterionella found each month. 
The figures were obtained by averaging monthly observations extend- 
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ing over a period of three years. The first column is made up of aver- 
ages of eleven ponds over 30 feet deep, and the second column of 
averages of sixteen ponds less than 30 feet deep. These results are 
shown by diagram on Plate II. The depth of 30 feet was selected as 
the dividing line between the deep and shallow ponds because stagna- 
tion does not ordinarily occur in ponds having less depth than that. 
It is probable, however, that the four shallow ponds referred to in the 
preceding paragraph as having spring and fall growths of diatoms 
have also periods of winter and summer stagnation. 

An examination of Plate II shows that the diatom growths are 
most extensive in deep ponds. In those ponds, also, the spring and 
fall maxima are the most marked, and there is almost an entire ab- 
sence of diatoms during the summer months. The spring growth is 
observed in the shallow ponds, and there is a slight indication of a fall 
growth. During the summer the curve for the shallow ponds is higher 
than for the deep ponds, and is somewhat irregular. It will also be 
noticed that in the deep ponds the spring growth occurs earlier and 
the fall growth later than in the shallow ponds. This is what might 
be expected from what we know of the phenomenon of stagnation. 

In order to find the reason for the rapid development of diatoms 
after the turning over of the water, let us look at some of the chem- 
ical analyses. In Table No. Ill will be found a summary of the State 
Board of Health analyses for Lake Cochituate and Basins 2, 3, and 4 
for a period of about five years. 

Bearing in mind that Lake Cochituate and Basin No. 3 support 
immense growths of diatoms and that Basins No. 2 and No. 4 do not, 
it will be seen that the mineral constituents as indicated by the chlo- 
rine, fixed residue, hardness, and nitrates are higher in those cases 
where diatoms abound. The free ammonia and nitrites are also some- 
what higher. On the other hand, the color, loss on ignition, and albu- 
minoid ammonia do not seem to bear any direct relation to the diatom 
growths. 

Reasoning by what is known of the higher plants, we may assume 
that the most important factor is that of the nitrates, and we should 
expect, therefore, that the nitrates would be high during or just pre- 
ceding a growth of diatoms. 

That this is the case is shown by Table No. IV, where the chemical 
analyses are tabulated by periods corresponding to the rise, fall, and 
absence of diatoms. Each of these periods is subdivided. The first 
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subdivision includes the time when the surface of the water was 
frozen ; and the second, the period of open water. This subdivision 
is important because it has been found that no extensive growths of 
diatoms occur when the surface of the water is covered with ice. 

During the period of diatom development the nitrates were .0240 
in Lake Cochituate, and .0200 in Basin No. 3. While the diatoms 
were disappearing, yet above 200 per cc, and when there were fewer 



TABLE NO. III. 



Chemical Analyses. 



Means of Monthly Analyses for Five Years. (Parts per 100,000.) 



Lake Cochituate. 



Basin 3. 



Basin a. 



Basin 4.' 



Color 

Residue, total 

Residue, loss on ignition 

Residue, fixed 

Chlorine 

Albuminoid Ammonia, suspended . . 
Albuminoid Ammonia, dissolved . . . 

Free Ammonia 

Nitrites 

Nitrates 

Hardness . , 



.20 

4.66 

1.35 

3.32 
.46 
.0034 
.0144 
.0018 
.0002 
.0113 

2.07 



.75 


.89 


5.07 


4.31 


1.90 


1.82 


3.18 


2.48 


.39 


.28 


.0045 


.0038 


.0215 


.0201 


.0026 


.0008 


.0002 


.0001 


.0171 


.0085 


1.80 


1.05 



.67 

3.51 

1.53 

1.99 
.22 
.0034 
.0176 
.0011 
.0001 
.0065 

1.19 



than 200 per cc, the nitrates were high during the time when the sur- 
face was frozen ; but they were much lower during the period of open 
water. This seems to indicate that diatoms require both nitrates and 
a free circulation of air. If either is lacking they will not develop. 
This fact throws some light on their seasonal distribution. In the 
winter air is lacking; in the summer nitrates are low; but in the 
spring and fall nitrates and air are both present. That diatoms need 
air has already been shown by laboratory experiments, but whether it is 
the oxygen or the carbonic acid gas of the air has not been determined. 
It is probable, also, that the effect of light has some bearing on 
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their growth. It has been proved that diatoms will not develop in the 
dark, and it is said that bright sunlight will kill them. 

Table No. IV also shows that the fixed solids, dissolved albuminoid 
ammonia, and the free ammonia bear little relation to the diatom 
growths. If, now, we compare Table No. IV with Table No. V, which 
gives the amount of nitrates present in Basins No. 2 and No. 4 during 
the periods corresponding to the increase, decrease, and absence of 
diatoms in Basin No. 3, we shall see, perhaps, why these basins do not 
support large diatom growths. When the diatoms were increasing in 



TABLE NO. V. 
CiiEMiCAL Analyses. (Parts per 100,000.) 



Diatoms in Basin 3. 



Condition of Surface of 
Basins a and 3. 



Nitrates. 



Basin a. 



Baun 4« 



Increasing 

Increasing 

Above 200 per cc, but decreasing .... 
Above 200 per cc, but decreasing .... 

Below 200 per cc 

Below 200 per cc 



Frozen. 
Not frozen. 
Frozen. 
Not frozen. 
Frozen. 
Not frozen. 



.0110 
.... 
.0080 
.C160 
.0051 



.0070 

• • • • 

.0018 
.0108 
.0058 



Basin No. 3, the nitrates were only .0110 in Basin No. 2 and .0070 
in Basin No. 4, as compared with .0200 in Basin No. 3 and .0240 in 
Lake Cochituate, and during two of the other periods the nitrates 
were still lower. During one period they rose to .0160 in Basin No. 2 
and .0108 in Basin No. 4 ; but at that time the surface was frozen and 
there was no circulation of air, and consequently no growth. 

As a confirmation of the theory that diatoms require nitrate food 
we have the following analyses from the State Board of Health. 
Eighteen ponds and reservoirs in which Asterionella growths reached 
1,000 per cc. gave .0188 as the yearly average of the nitrates present ; 
six ponds and reservoirs where the growth was between 500 and 1,000 
per cc. gave an average of .0091 ; and for sixteen ponds and reservoirs 
where the Asterionella were less than 500 per cc. the average of the 
nitrates was .0080. Of the eighteen ponds and reservoirs which make 
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up the average .0188, five were less than .0080; but these ponds had 
the nitrates considerably above .0100 during the periods when the 
diatoms were increasing. 

It must not be supposed, however, that the diatoms live entirely 
on nitrates. Other food materials are, of course, necessary ; and it is 
possible that the diatoms may have the power of assimilating nitrogen 
in other forms than the nitrates. Culture experiments are now being 
conducted at the laboratory of the Boston Water Works which may 
throw some light on this question. 

We have now to consider the condition of the water at the bottom 
of the deep ponds. This is shown by Table No. VI, where analyses are 
given for the surface and bottom of Lake Cochituate, Basins No. 3 and 
No. 4, and Jamaica Pond during the stagnation periods. In Lake 
Cochituate, Basin No. 3, and Jamaica Pond there is seen to be a large 
amount of decaying organic matter at the bottom. This is shown by 
the high free ammonia. On account of the absence of oxygen at the 
bottom the decomposition could not be carried beyond that stage. 
Iron, manganese, and silicon were also highest at the bottom. In the 
case of Basin 4, which was stripped of its peat, loam, etc., before fill- 
ing, there is little decomposable organic matter at the bottom. 

At the turning over of the water the free ammonia is brought to 
the surface, where the bacteria, supplied with plenty of oxygen, com- 
plete the decomposition, changing the nitrogen to the nitrate form. 
At the same time, also, it is probable that the diatoms or their spores 
are brought up from the bottom and scattered through the water, 
where, finding an abundance of nitrates and air, they develop rapidly. 
If, however, there is no free ammonia at the bottom, as is ordinarily 
the case in properly prepared reservoirs, no nitrates will be found at 
the time of the turning over, and consequently no diatom growths 
will appear. 

We thus have strong evidence in favor of the removal of the top 
soil when preparing a reservoir for the storage of water. This posi- 
tion has already been taken by some of the most eminent of our 
engineers. Its practice ought to be universal. • 

The question of the rate of increase of micro-organisms is an im- 
portant one. It is especially interesting in the case of diatoms, be- 
cause it has been the subject of numerous controversies. It has 
generally been assumed that the increase takes place in accordance 
with the law of geometrical progression, i>., starting with a single 
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cell, this cell after a certain time divides into two, each of which after 
another interval of time divides into two more, and so on, so that 
after n intervals of time, the number of cells would be ar", where 
«= I, and r= 2. 

There are some writers, following Otto Miiller,^ who have claimed 
that the increase takes place more slowly than this, because, they say, 
when a cell divides the smaller of the resulting cells does not have 
the same power of reproduction as the larger on account of lacking 
the necessary thickness of connective band. My own observations 
seem to show that the diatoms do increase substantially in accordance 
with the laws of geometrical progression, and that the ratio varies 
between 1.3 and 2.0 per week, the average ratio for ten growths of 
Asterioiiella covering a period of thirty-five weeks being 1.58. The 
corresponding ratio for Tabellaria was 1.56. We may say, in a gen- 
eral way, that during a vigorous growth the diatoms increase at the 
rate of about 50 per cent, each week. 

On Plate III will be found a diagram showing the rate of growth of 
Asterionella in Lake Cochituate. The full lines represent the diatom 
growths. The broken line represents the equation / = ar", where 
a = I, r-^ 1.58, and « = the number of weeks. The number of 
weeks are plotted as abscissae, and the number of Asterioiiella per cc, 
as ordinates. 

A growth of Synedra in Basin No. 2, lasting ten weeks, had a 
slower rate, the average ratio being 1.3 per week. In this growth the 
Synedra multiplied more rapidly at first than they did later on. The 
ratio for the first half was 1.4, and for the second half, 1.2. 

But to say that the diatoms increase slowly and regularly does not 
tell the whole story. Oftentimes they develop with extraordinary 
rapidity, sometimes jumping from 132 to 1,575 per cc. in a single 
week, as Asteriotiella did in Walden Pond, Lynn, Massachusetts, in 
October, 1893. The reason for these sudden and enormous develop- 
ments is not known. We have tried to associate them with some 
sudden increase in the amount of food material. But though we 
have been thus far unsuccessful, it is quite probable that that is the 
cause. It is possible, as some have suggested, that it is in some 
way connected with the formation of sporangial frustules, the result 
of conjugation. 



' Dr. H. Van Heurck. Synopsis des Diatom^es en Belgique, p. 13. 
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This phenomenon is an interesting one, but comparatively little is 
known about it. The theory is this. The diatoms grow smaller as 
they subdivide. Finally, after reaching a certain size, or after a cer- 
tain weakening of the power of subdivision, a conjugation takes place 
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between two of the cells, the result being a sporangial frustule, from 
which a larger cell is produced. This divides and subdivides, the new 
cells growing smaller and smaller, until a new conjugation is necessary. 
Among certain genera artificially cultivated this process has been 
observed. I have found the sporangial frustules of Melosira in a jar 
of water which had been standing for a few weeks in the laboratory, 
and I have seen Asterionella in what appeared to be a conjugating 
form ; but the facts do not warrant any positive statements. The 
decrease in the size, however, has been repeatedly observed ; it is 
especially marked in Stephanodiscus and Cyclotella, 

Thus far we have considered only the increase of the diatoms. 
They probably cease to develop when their food supply is cut off. 
This has already been shown by Table No. IV. ' The periods of de- 
creasing growth are marked by a deficiency of air or nitrates. It is 
to be regretted that more determinations of nitrates have not been 
made in connection with the development of diatoms. With frequent 
observations it might be possible to predict the extent of growth and 
the time when the growth would culminate. Such information might 
be of practical value. 

The decrease of diatoms is ordinarily quite abrupt, but they some- 
times linger over a long period. Generally a rapid growth is followed 
by a rapid fall. During the period of decline the cells are often 
broken up ; the brown coloring matter is less abundant, and is fre- 
quently massed together in spots instead of being spread out in plates 
over the cell ; occasionally it has a slight greenish color. Empty cells 
are always abundant during the declining period. During an increas- 
ing growth the diatoms are generally most abundant at the surface of 
a pond ; during the period of decline they are usually more abundant 
towards the bottom. * 

As to the effect of temperature on diatoms, our observations indi- 
cate that the variations of temperature usually met with in the ponds of 
this climate have comparatively little influence on their growth, cer- 
tainly not enough to account for their seasonal distribution. Diatoms 
grow well both in summer and winter, provided food is plenty. Vigor- 
ous growths have been observed at temperatures ranging from 35° to 
75° F. The mean temperature at which the maximum Asterionella 
growths have been observed in Lake Cochituate is 50° F., the temper- 
atures of the different growths, however, varying from 35° to 6^^. 
The temperature of the water affects the diatoms indirectly by pro- 
ducing stagnation, as has already been pointed out. 
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In this paper I have endeavored to show : 

1. That the growth of diatoms in ponds is directly connected with 
the phenomenon of stagnation ; that their development does not occur 
when the lower strata of water are quiescent, on account of greater 
density, but rather during those periods of the year when the water 
is in circulation from top to bottom. 

2. That diatoms flourish best in ponds having muddy bottoms. 

3. That in deep ponds there are two well-defined periods of 
growth — one in the spring and one in the fall ; that in shallow ponds 
there is usually a spring growth but no regular fall growth, and that 
other growths may occur at irregular intervals as the wind happens 
to stir up the water. 

4. That the two most important conditions for the growth of 
diatoms are a sufficient supply of nitrates and a free circulation of 
air, and that both these conditions are tound at those periods of the 
year when the water is in circulation. 

5. That while temperature has possibly a slight influence on the 
growth of diatoms, it is of so little importance that it does not affect 
their seasonal distribution. 

6. That the increase of diatoms takes place substantially in accord- 
ance with the law of geometrical progression, and that the cessation 
of their growth is caused by the diminution of their food supply. 

In conclusion I desire to record my appreciation of the kind 
advice of Prof. W. T. Sedgwick and Mr. Desmond FitzGerald, C. E., 
and I wish also to express my thanks to Mr. W. F. Murphy, who has 
assisted me in the preparation of this paper. 
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CLOSE SIZING BEFORE JIGGING} 

By ROBERT H. RICHARDS, S.B. 

Received October 24, 1894. 

The extent to which sizing by sieves should be carried, as a pre- 
liminary to the separation, by jigging, of minerals of different specific 
gravities, has been a matter of controversy for many years. The sub- 
ject has been investigated by several authorities, yet the ground does 
not seem to have been completely covered, nor are the questions in- 
volved entirely settled. For my present purpose I shall refer to but 
three investigators — Rittinger, Munroe, and Hoppe. 

In seeking additional light, I have gone over part of the old ground 
which has been considered satisfactorily settled ; and since these pre- 
liminary tests have thrown light on some points, they have been in- 
cluded in this paper. 

In the investigations here described, I have confined myself, for 
several reasons, wholly to small sizes — grains of o. i inch in diameter 
and less. Rittinger's work was mainly done upon larger sizes, and 
there is much need among millmen of information concerning the 
smaller sizes. Moreover, these sizes brought the investigation within 
the means at my disposal. 

The laws that have been claimed as the laws of jigging by the 
several authorities are : 

1. The law of equal-settling particles. 

2. The law of interstitial currents. 

3. The law of acceleration. 

4. The law of suction. 

The first of these has been considered by investigators generally 
to be the most important of all, and the larger part of the work of 
jigging is thought to be governed by it. But that it does not cover 
the whole of jigging is clear to all; and to account for the increased 



' Read at the Virginia Beach Meeting of the American Institute of Mining Engineers, 
February, 1894. 



Close Sizifig Before Jigging, 233 

eflBciency, which we may call the extra jigging-catch, the other three 

laws have been advanced. 

• 

The investigation described in this paper was undertaken to de- 
termine, as far as possible, to what extent each of the four laws con- 
tributes towards the results of jigging. The discussion will be taken 
up in the order indicated above. 

I. Equal-Settling Particles. 

If we drop into a deep vessel filled with water an unsized product 
containing particles, say, of galena and quartz, which have been thor- 
oughly wetted, and all of which will pass through a limiting-sieve of 
ten meshes to the linear inch, we shall find that, after the short in- 
terval of acceleration, each particle will fall at its maximum velocity 
towards the bottom. These velocities, if the particle^ do not interfere 
with each other, and if they are all cubes or spheres, will depend upon 
two things, namely, the specific gravity and the size of the grains. 
Of two particles of equal size, but different specific gravity, the 
heavier will fall the faster. Of two particles of like specific gravity, 
but different diameter, the larger will fall the faster. Evidently, there- 
fore, any larger particle of the quartz will have the same velocity as a 
certain smaller-sized grain of galena. These two grains are said to be 
equal-settling particles. 

Rittinger gives, in his treatise, three formulas to represent the 
relation between diameter of grains and rate of falling in water for 
irregular-shaped grains : 

F= 2.73 y^ D (<J — 1), for roundish grains. 
K= 2.44 \j D (J — 1), for average grains. 
F= 2.37 sl D (<J— 1), for long grains. 
r= 1.92 >i D ((J — 1), for flat grains. 

In which V is the velocity in meters per second ; D^ the diameter 
of particles in meters ; and 8 the specific gravity of the minerals. 

From the formula for the average he computes the ratio of the 
diameters of quartz and galena particles that will be equal-settling in 
water. Taking the specific gravities as determined by me, viz., for 
quartz, 2.640, and for galena, 7.586, and using his formula for the 
average grain, we should have. 

For quartz, K» = 5.9536 A X L64, 
For galena, V* = 5.9536 A X 6.586. 
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For equal-settling particles we equate the two values of F^, and 
deduce 

Di 1.64 

That is to say, the particle of quartz will have a diameter four times 
as large as the galena. 

The minerals employed in the investigation described in this paper 
are given in Table I, with their specific gravity, and the multiplier 
which gives the diameter of the equal-settling grain of quartz, com- 
puted from Rittinger's formula for average grains. 

TABLE I. 



MiNBRAL. 



Specific Gravity. 



Multiplier for 
equal-setuing quartz. 



Anthracite 

Quartz 

Epidote 

Sphalerite 

Pyrrhotite 

Magnetite ..... 

Chalcocite 

Arsenopyrite .... 

Cassiterite 

Antimony (artificial) 

Wolframite 

Galena (cubic) . . . 
Copper (Lake Superior) 




.288 
1.00 
1.45 
L85 
2.14 
2.43 
2.64 
2.82 
3.22 
3.48 
3.64 
4.01 
4.56 



Rittinger (i866) considers the law of equal-settling particles to be 
the law of jigging, and infers, in consequence, that a jig should be 
fed with particles of galena and quartz, for example, that are in no 
case equal-settling. To prepare the sands for a series of jigs, then, 
there will be required a series of sieves graded according to the 
diameters of their meshes. The ratio for the diameters of these 
meshes for jigging quartz and galena, for example, will be 1:4, and 
for the other minerals, as the multipliers given in Table I. 
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Fig. I. 



J3 



Upon this theory the continental system of close sizing before 
jigging has been developed. 

With a view to studying this question experiments 
were instituted upon the rates of falling in water, 
and for this purpose a sorting-tube of the size in- 
dicated in Figure i, and marked at a^ by and ^, was 
mounted vertically and filled with water to the top. 
Each mineral was sized by a series of sieves, the 
values of the holes in which were obtained with 
great care. 

Table II shows the manner in which the size of 
the grains delivered upon each sieve was computed. 
For convenience the sieves were arranged in a nest 
(see Figure 2), so that when the nest was shaken a 
sample of mineral* placed on the upper sieve delivered 



r«. 2. 





Sorting-Tube. 



Nests of Sieves. 



all its different sizes, each upon its own sieve. Fall-velocities were 
obtained by allowing a number, perhaps fifty, of grains of the same 
size to fall the distance of 8 feet, from ^ to ^ in the sorting-tube, and 
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noting the period requireti for the passage of the fastest grain, and also 
the time required for approximately 90 per cent, of the grains to pass. 
This proportion of 90 per cent, was preferred to the observation of the 
slowest grain, because the slowest often lags an indefinite distance 
behind. The results of these tests are given for fastest grains in 
Table III ; for slowest, in Table IV. 



TABLE II. 
Computation of Grain-Sizes. 



Mesh. 


Meshes per inch 
One Way. 


Diameter of Wire. 
(Inches.) 


Net Linear Size of 
Hole. (Inches.) 


Meshes per inch 
the Other Way. 


Diameter of Wire. 

(Inches.) 


Net Linear Size of 
Hole. (Inches.) 


Av. Linear Size of 
Hole. (Inches.) 


Av. of Size and One 
Above It. 


3 


3 


.0503 


.2830 


3 


.0503 


.2830 


.2830 


• «  • 


4 


3.75 


.0471 


.2196 • 


4A 


.0447 


.1977 


.2087 


.2458 


5 


5.25 


.(H04 


.1500 


5 


.0404 


.1596 


.1548 


.1817 


* 
6 


6 


.0352 


.1315 


5.9 


.0365 


.1330 


.1322 


.1435 


8 


8 


.0280 


.0970 


7.5 


.0279 


.1054 


.1012 


.1167 


10 old 


10 


.0250 


.0750 


8J 


.0250 


.0909 


.0830 


.0921 


10 new 


10.4 


.0250 


.0712 


10 


.0220 


.0780 


.0746 


.0879 


12 


12 


.0221 


.0613 


11.8 


,0221 


.0626 


.0619 


( .0725* 
) .0683' 


14 


14 


.0197 


.0517 


14 


.0197 


.0517 


.0517 


.0568 


16 


16 


.0182 


.0443 


14.6 


.0183 


.0502 


.0472 


.0495 


18 


18 


.0170 


.0386 


18.4 


.0158 


.0386 


.0386 


.0429 


20 


1S.S 


.0161 


.0371 


20 


.0156 


.0344 


.0357 


.0372 


24 


22 


.0133 


.0322 


24 


.0138 


.0279 


.0300 


.0329 


30 


28 


.0124 


.0233 


30 


.0121 


.0213 


.0223 


.0262 


40 


35 


. .0100 


.0186 


40 


.0100 


.0150 


.0168 


.0195 


50 


40 


.0090 


.0160 


50 


.0083 


.0117 


.0138 


.0153 


60 


61.5 


.0081 


.0081 


47 


.0076 


.0136 


.0109 


.0124 


80 


67 


.0055 


.0094 


81 


.0055 


.0068 


.0081 


.0095 


100 


101 


.0047 


.0052 


102 


.0(H3 


.0055 


.0054 


.0068 


120 


116 


.0034 


.0052 


120 


.0034 


.0049 


.0051 


.0052 


140 


128 ' 


.0034 


.OOH 


136 


.0034 


.0039 


.0042 


.0046 



* Average of xa with old lo-mesh. 



^ Average of la with new lo-meah. 
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The specific gravities are the result of three or four closely agree- 
ing tests. The diameters are given in fractions of an inch ; the 
velocities, in inches per second. In all cases the grains were thor- 
oughly wetted, and in many cases they were boiled in water before 
being dropped. 

Some remarks are called for by apparent inconsistencies in Table 
III. In nearly every instance cassiterite fell faster than antimony, 
although its specific gravity is -lower. I explain the low specific 
gravity given by the presence of a little quartz in included grains 
with the cassiterite, while the free grains probably have a higher 
specific gravity than antimony, and fall ahead of that metal, as they 
should. The inconsistency between chalcocite and magnetite is due 
to the shape of the particles; magnetite has rounded or cubical grains; 
chalcocite is very flat and scaly. Copper does not lead galena nearly 
so much as one would expect. This is due to the shape of the par- 
ticles. The copper was Calumet and Hecla stamp-copper, as free as 
possible from rock, pieces being all more or less flattened, and the 
finer particles were to some extent arborescent and leaf-like, while 
the galena was taken from large pure cubes of Wiscorfsin mineral. 
The work upon magnetite broke down at the 60-mesh sieve, sizes 
below attracting each other so much that the large flakes resulting 
made a test impossible. 

The fall-velocities for the slowest particles, that is, the particles 
which Jell at a period when 90 per cent, (as estimated by the eye) had 
fallen, are given ih Table IV. These are perhaps of less value than 
those of the fastest particles, since there is a certain personal equa- 
tion which may vary. But for other reasons, as I think I shall be able 
to show later, these values are of very great interest and play an 
important part in the whole ore-dressing discussion. The values 
marked^ and all below them in the columns were measured upon 
I -foot fall instead of 8 feet, and are therefore somewhat better 
determinations than the values for the corresponding sizes in the 
other columns. Towards the lower ends of these columns frequent 
inconsistencies will be noted. They are, however, not very serious, 
and are accounted for partly as in the case of the fastest grains (Table 
ill), and partly by the difficulty in judging the 90 per cent. 

That the meaning of the figures in Tables III and IV may be 
more plainly shown to the eye, curves may be drawn representing the 
fastest and slowest grains for each mineral. The points of actual 
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observation, and those of the corresponding calculated parabola, are 
shown in diagrams I to 13 inclusive. 

Diagram i. 
Taloet^ 1b x iBcbM per MmnA. 



COFKH sit, on. my^^» "■.•*■■ imitaM. 

Observed Velocities o£ Fall in Water, with Parabolas Calculated to Conform 
Moat Nearly There lo. 

The parabolas that are plotted in these diagrams with the fall- 
velocities were calculated as follows : For example, take the fastest 
grains of galena. A point is selected on the .05 inch diameter line 
which would apparently bring the parabola well among the observed 
points. Its velocity, 15.2 inches per second, is road upon the upper 
line. We then fill in the formula for the parabola. 



V^ velocity in inches per second. 
D = diameter of the grain in inchef. 



Close Sizing Before Jigging. 
Diagram z. 

Teloclt; In Incbec p«r aeeond. 



Observed Velociliea o£ Fall in Water, wiih Parabolas Calculated to Contonn 
Most Nearly Thereto. 

We then assume different velocities and solve the equation, 



to get the values of D. D and V being known, the plotting of the 
curve is easily done. 

Table V shows, for these thirteen minerals, both Rittinger's and 
the author's parabolas for fastest and slowest grains. 

The discrepancy between the two sets of parabolas is striking. 
That Rittinger's values for the slowest grains should be less than 
mine is natural, since I did not wait to get absolutely the last grain, 
but marked the moment when 90 per cent, (estimated) had i>assed. In 
regard to the fastest grains, however, my method of letting fifty grains 
fall at a time selects by natural process the fastest grains of the fifty, 
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and should yield higher results than the method of picking out compact 
grains by the eye, and letting them drop one at a time. The test 
makes a more perfect selection than can the eye. Individual grains 
were tried, and found to confirm this view. 



TABLE V. 
Computed Parabolas of Fall. 



MiNSRAL. 



Rittinger*s Parabolas. 



For Fastest 
Grains. 



V« 

D 



For Slowest 
Grains. 



Author's Parabolas. 



For Fastest 
Grains. 



V« 
D 



V« 
D 



For Nearly the 
Slowest Grains. 



V« 
D 



Copper . . 

Galena . . 

Wolframite . 

Antimony . 

Cassiterite . 
Arsenopyrite 

Chalcodte . 
Magnetite 
Pyrrhotite 
Sphalerite 

Epidote . . 

Quartz . . 

Anthracite . 



2229 

1977 

1769 

1701 

1569 

1380 

1293 

1189 

1046 

909 

709 

489 

141 



1102 
972 
875 
841 
776 
682 
639 
588 
517 
450 
352 
242 
70 



4683 
4621 
3920 
3540 
3844 
3425 
2599 
2599 
2520 
1730 
1585 
925 
180 



973 

2113 

1225 

1056 

1156 

812 

673 

1037 

720 

720 

520 

353 

20 



The computations made by A. E. Woodward and myself from 
Rittinger's formulas, and published in our paper on this subject 
(Transactions of the American Institute of Mining Engineers^ l8y &44)% 
must therefore give place to the present figures obtained by actual 
test. 

To compare further the results obtained by the fall-tube with those 
of Rittinger, the ratios of diameters of the particles of the several 
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Diagram 3. 



Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Tliereto. 



minerals to those of equal-settling particles of quartz were deter- 
mined as follows : A number of velocities were assumed, and corre- 
sponding diameters of the fastest grains for each mineral were taken 
from the curves of free-falling particles. These values are" here tab- 
ulated. (See Table VI.) 

From these figures for fastest grains were computed multipliers to 
be used in obtaining the diameters of equal-settling particles of quartz. 
These are given in Table VII, in the final column of which Rittlnger's 
multipliers for average grains are also given. 
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Diagram 4. 
Ttloollr la iBclKf p«r acoond. 



Observed Vdociiiea of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 
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DiACRAu 5. 

Valod^ Id tncbet per u 



TABLE Vtr. 
Equal- Skttlimg Factors, or Multiplibbs for Obtainino t 
Which Will be Equai^Settlinc with thb Mini 













V.LOCITV IN IhCKM ru S.C0I.O. 


a 




• • i ) 1 4 1 i 1 * 1 7 1 S i , 








Auihor'i Uultlplicn. 


































I-.I? 


l.,W 


.0^ 


.n 


1.^0 


161 


.'.f. 


l.W 


1.47 


1.45 














































































l.W 


.47 


.62 


7..07 


2KS 


41 


744 


7,17 


264 
















l.W 


.■57 




?,.42 


7..,S6 


.77, 


7S4 


?,.<H 


2 82 














Zll 


.T) 


.(XI 


7.. 7,1 


?.'i?. 


ni 


ms 


3 17 


3.32 
















2.71 


2.IK1 


.W 


2.7,1 


?.9\ 


3.m 


?,•« 


(IMI 


3.48 


Wolframite . 














7,.71 


.HI 


.07 


2.K6 


1(M 


r/i 


rw 


t.W 


3.64 


Galena . . 














?..1\ 


.HI 


.26 


3.()() 


3 42 


361 


3,76 


3.7S 


4.01 


Copper . . 








271 


2.00 


2.36 


3.00 


3.20 


3.58 


3.76 


3. 75 


4,56 



246 Robert H. Richards. 



DlACBAM 6. 

Ttloclt; in tDcbea p« tt 



Observed Velocities of Fall in Water, with Parabolas Calculated to Confonn 
Most Nearly Thereto. 

Upon inspection of the curves for free-falling grains, in diagrams i 
to 1 3, three facts are noticed : 

1. The lines of fastest grains and of slowest grains depart very 
considerably from the parabola, particularly on the smaller sizes. 

2. The space between the two lines of fastest grains and slowest 
grains is a wide zone or belt. 

3. The width of the zone may vary greatly, depending upon the 
shape of the particles — for example, the copper zone is much wider 
than that of the galena. 

With regard to the first point, Rittinger makes note of the fact 
that his formulas fail for finer sizes. These curves, therefore, place 
on record the degree to which they have failed with the minerals here 
tested. We see that the velocity of any mineral which tends to break 
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Diagram 7. 
feloeltj In tuohea per Hcond. 



Observed Velocities of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 

into flat scales, or elongated grains (for instance, copper or chalcocite), 
is so modified as to change its class entirely. Thus, the curves for 
fastest grains of galena and copper are almost identical, although their 
specific gravities are widely different. 

Each mineral has, therefore, its own "personal equation," and 
minerals cannot be classed by specific gravity alone. Hence, no 
formula can be founded on specific gravity and sieve size only. It 
must be modified by the coefficient of each mineral for practical 
use. 

The second point, also, was recognized by Rittinger, as- is shown in 
his formulas for fastest grains and slowest grains already quoted in 
this paper. But the deduction which followed from adopting a mean 
value for these grains has been somewhat of a puzzle to me. 
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Tdocltr tn luCIiei per weoaaA. 



IS u IT n 



Observed Velocities of Fall in Water, with Parabolas Calculated lo Conform 
Most Nearly Thereto. 



Let us take an example from the curves of sphalerite (blende) and 
quartz. A mean grain of quartz of .07 inch diameter will fall 6.7 
inches in one second. Following down the sphalerite curve we find 
that a mean grain of sphalerite of .039 inch diameter settles t.^ inches 
in one second. If, then, we were to use these mean values, as Rittin- 
gor recommends, for obtaining our sieve-scale, we should conclude 
that with two sieves, one having holes of .07 inch diameter and 
the other of .039 inch diameter, the fastest grain of quartz between 
these two sizes has less speed in settling than the slowest grain of the 
sphalerite, and therefore this product would be jiggable according to 
the law of equal-settling particles. But, in fact, the fastest grain of 
quartz falls about 8.5 inches in one second, while the slowest grain 
of sphalerite settles only J inches in one second ; hence, the product 
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Diagram 9. 
Velodtr In Inehe* oer Mcond. 



Observed Velocitiet of Fall in Water, with Parabolas Calculated ti 
Most Nearly Thereto. 



is unjiggable according to the law of equal-settling particles. Indeed, 
these zones of quartz and sphalerite la:p over on each other even on a 
single sieve ; and if the law of equal-settling particles were the only 
law of jigging, sphalerite and quartz could not be sized closely enough 
to prepare them for jigging. 

The converse seems, therefore, evident ; namely, that under no cir- 
cumstances is the law of equal-settling particles the whole law of 
jigging- 

II. Interstitial Currents. 

Professor H. S. Munroe tested in 1889 the effect of confined 
space upon falling particles, He timed different sizes of lead shot 
or spheres, falling in a narrow glass tuhe filled with water (Figure 3a), 



Robert H. Richards. 



DiACRAU 10. 

Ttlodtr In InehH per Moand. 



Observed Velocici^ of Fall in Water, with Parabolas Calculated to Conform 
Most Nearly Thereto. 



If d equals the diameter of the shot and D that of the tube, he found 

d 

1 — 

D 

loss of velocity by the shot. When this fraction equals unity the 
shot stops. He applies this principle to the question of equal- 
settling particles as follows : If particles of quartz, for example 
(Figure 3b), are represented by the larger circles, and those of 
equal-settling galena by the smaller circles, then when these mixed 
particles are settling en masse, or are held in suspension by a rising 
current of water, each particle may be considered to be falling in 
a tube, the walls of which consist of the surrounding particles. 
Substituting a circle in each case for the imaginary tube, we have 
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Diagram t 

VelocKr tn Inetici pt 



Obunred Velocities of Fall in Water, with Parabolaa Calculated to Conform 
Most Nearljr Thereto. 
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Fig. 3b. 
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iHTBitn'iTiAL Fall. 



Falling Spheres. 
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Diagram ii. 

ToIoeK)' Id huhai p« Heond. 



Observed Velocities of Fall in Water, with Parabolaa Calculated to Conform 
Most Nearly Thereto. 

Figure 4, representing the conditions for galena and quartz, the outer 
circle representing in each case the imaginary tube. ^ glance 

is sufficient to show us that the fraction — . is much smaller for 
D 

the galena particle than it is for the quartz. 
The galena particle will, therefore, be less im- 
peded in its fall than the quartz, and in con- 
sequence the particles of galena that are found 

adjacent to the particles of quartz will be smaller 
Interstitial Fall. , , .,.,,, 

than the ratio which the law of equal-settlmg 

particles would indicate. Professor Munroe infers that these inter- 
stitial currents account for the fact, made use of in the mills, that 
a jig will save galena which is much finer than would be the case 
if the law of equal-settling particles was the only law of jigging. 



© 



Imaciharv Tubes 
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Diagram 13. 

Velodtj- In iDcliea per ucoad. 



Observed Velocities of Fall in Waler, with Parabolu Calculated ti 
Most Nearly Thereto. 



And he finally proves, by equating his formulas, that the ratio of 
diameters for the quartz and galena after the interstitial currents 
have brought the grains to equilibrium will be as 30 : r . 

Professor Munroe says further {Trans. 17, 650) : "We see, there- 
fore, that if the material to be treated is sized between the limits of 
I mm. and 30 mm., it will be possible to separate the quartz from 
the galena. All the spheres of galena will have a greater falling 
velocity than the i mm. grain ; all the quartz will rise more readily 
and fall more slowly than the 30 mm. grain." 

I have recently attempted to ascertain by experiment to what 
extent this law of interstitial currents acts upon irregular particles. 
For this purpose I constructed a pointed tube of the form shown in 
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PoiMTED Tub I. 



Figure 5, which consists of a tin 
cone {a), with an overflow {/), 
united to a pointed tube* of glass 
{(>) by a rubber connector (c), and 
having a water supply {d) regulated 
by the cock (^), and a bulb (^) 
joined by a rubber connector (k). 
If this apparatus be filled with 
water, and a sample of mixed 
sands, which pass, through a 10 
mesh sieve (an ordinary 8-ounce 
bottleful represents the quantity 
used), be charged gradually at the 
top, and a slight upward current 
of water be admitted through the 
tube {d), the sands will rapidly 
assume a condition of approximate 
equilibrium. Here we have sands, 
say, of two specific gravities and 
of sizes, ranging from lo-mesh to 
dust, which are held in gently 
moving suspension by the slow 
upward current. This device pre- 
sents, thereforfe, the conditions 
necessary to test the limits of 
interstitial currents. 

By means of this pointed tube 
the behavior of the minerals named 
in Table VIII, taken by pairs, has 
been tested. 

Each of these pairs was treated 
in the pointed tube (Figure 5) by 
allowing from one half hour to 
two hours for the grains to come 
to equilibrium, and since the larger 
part of the sorting is done in the 
first minute we may consider that 
the work is practically completed 
in half an hour. 
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TABLE VIII. 
List of Mineral Pairs Treated in thb Pointed Tube. 



Quartz, 


specific gravity 2.640 and Copper, 


specific gravity 8.479 


Quartz, 


specific gravity 2.640 and Galena, 


specific gravity 7.586 


Quartz, 


specific gravity 2.640 and Wolframite, 


specific gravity 6.937 


Quartz, 


specific gravity 2.640 and Antimony, 


specific gravity 6.706 


Quartz, 


specific gravity 2640 and Cassiterite, 


specific gravity 6.261 


Quartz, 


specific gravity 2.640 and Arsenopyrite, 


, specific gravity 5.627 


Quartz, 


specific gravity 2.640 and Chalcocite, 


specific gravity 5.334 


Quartz, 


speci^c gravity 2 640 and Magnetite, 


specific gravity 4.987 


Quartz, 


specific gravity 2640 and Pyrrhotite, 


specific gravity 4.508 


Quartz, 


specific gravity 2.640 and Sphalerite, 


specific gravity 4046 


Quartz, 


specific gravity 2.640 and Epidote, 


specific gravity 3.380 


Quartz, 


specific gravity 2.640 and Anthracite, 


specific gravity 1.473 



While the sands are still kept in gently moving suspension the 
current is slightly slackened by means of the cock (^), and the 
heavier grains are allowed to find their way down into the bulb (e). 
When the bulb is full the rubber connector (K) is pinched with the 
thumb and finger, and the bulb is replaced with a new one which 
has been completely filled with water, care having been taken to 
remove the bubble of air from the neck. In like manner the second 
bulb is filled and removed, and a third, a fourth, and so on until all the 
sand, to the finest slimes, has been drawn off. The overflow will be 
found to contain very light particles, and also a few particles carried 
over by greasy flotation. This should be caught, and may be called 
the last bulb or drawing. 

Each of these drawings, which were ten in number, was carefully 
dried and then sized in the nest of sieves (Figure 2). The sizes, for 
example, in the galena series (see Plate 11^) in the fifth flask were 
found to be perfectly pure quartz down to the 30-mesh sieve. The 
40-mesh contained a little galena ; the 50-mesh was nearly all galena, 
with a little quartz ; and all the sizes below fifty were pure galena. 

The twelve pairs of minerals were all treated in this way, and 
the photographs (Plates I to XII inclusive) show the results obtained 
in the form of a graphical plot of the actual grains. The vertical 
columns Nos. i, 2, 3,4, etc., represent the successive bulbs. The hori- 
zontal lines indicate groups of particles resting upon like sieves. 

This series of photographs shows very prettily what can be done 



256 Robert H. Richards. 

with a pointed tube in the way of water sorting preparatory to sizing. 
A series of tables (Tables IX to XXI inclusive) has been prepared 
to accompany the photographs. These tables, giving the estimated 
percentage in every hill of the mineral which was to be concen- 
trated, will be found convenient in interpreting the photographs. 

In the galena-quartz photograph (Plates 11^, 11^) there are scarcely 
any mixed grains until slimes are reached. The ninth and tenth draw- 
ings are much mixed, and always will be so, coming from the appa- 
ratus here described. Their separation will be the subject of another 
paper. 

The same is true of the copper-quartz photograph (Plate I) except 
that the sample contained none of the very finest slimes, and therefore 
the ninth and tenth drawings are practically pure quartz. 

Following through the various minerals and gravities we see a 
general set of features possessed in common, but changing a little 
with each successive photograph. First, we have in copper a range 
of clean, pure quartz hills from No. 4 on 12 to No. 9 on 100. We 
also have a clean range of copper hills from No. i on 12 to No. 8 
slimes, and between the two a valley almost destitute of grains, which 
is widest from No. 4 on 20 to No. 5 on 30, and narrows very much at 
No. 8 on 120. 

In arsenop^rite (Plate VI) the valley is gone on the i co-mesh line, 
and we have a plateau instead. In chalcocite (Plate VII) the plateau 
has reached up to the 50-mesh line. In pyrrhotite (Plate IX) it has 
reached the 40-mesh line. In epidote (Plate XI) the plateau has dis- 
appeared below 24 mesh and a single wide range of hills has taken 
its place. 

The above features are due to the convergence towards the hill 
marked No. 10 slimes of the two approximately parabolic curves. 

A single plate (Plate XIII) is given to illustrate a three-mineral 
separation, in which slate (specific gravity, 2.735), barite (specific 
gravity, 4.127), and galena (specific gravity, 7.586) are the three 
minerals. Table XXII accompanies it, giving estimated percentages 
in the hills. 

The weights of the hills for three columns of each of Plates I to 
XII inclusive (except VIII) will be found in the following tables — 
XXV to XXXVI. 

They are absolute weights in every case except where a hill con- 
tained a. mixture of two minerals. In such a case the total weight was 
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IlLLS OF PLATB III. 
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Se|>ar!ttiiiii of Quartz and Arsen[>iiyrile by I'ointed Tube and Sieves. 

TAlll.E XV. 

ESTIMATED Pkrcknta<;e OF Arsekopvrite in the Hills oif Plate VI. 
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n of Quartz and Chalcoche by Pointed Tube and Sieves. 
TAISLK XVI. 
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Separation of Quariz and Magnetite by Poinied Tube and Sieves. 
TABI.?; XVII. 

ESTIHATED PEHCENTAGE OV MACNETITE IN THE lllLLS OF PLATE VIII. 
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Plate IX. 
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■m of Quartz and Sphalerite by Pointei) Tube and Sieves. 
TAHLE XIX. 

> TERCIiNTAUE or SpHALEKITE IN TJIE lllLLS OF I'lATE X. 
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Plate XI. 
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Separation of Quartz and Epidote by rointcd Tube and Sieves. 

TA15LK XX. 
KsTiMATED Percentage of Epidote in the Hills ok Plate Xf. 
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TAlil.K XXI. 
Estimated Percentage of Anthracite in the Hills o 
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Plate XIIL 



Separation of Slate, Barile, and Galena by Pointed Tube and Sieves. 

TABLE XXII. 
Estimated Pbrcentagb of Barite in the Hills of Platk XIII. 
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Close Sizing Before Jigging. 
Plate XIV. 



Separation of Quartz (Sp, Gr. 464) and Galena (Sp. Gr. 7.586) by Pulsion- Jig and 







" 


3 






<> 




' 


' 


. 
























H 


100 


100 


99 
















16 


100 


100 


100 








































100 


100 


100 


50 






























































































60 


100 


100 


100 


100 


100 


on 


■; 


1 




10 


80 


100 


100 


100 


100 














100 


100 


100 


100 


100 


100 




100 


40 




50 


120 


100 


100 




100 








60 




40 


140 


100 


100 


ino 


100 


ino 


00 


100 


HO 


10 


40 


Stimcs 


100 


100 


100 


100 


100 


00 


100 


100 


60 


so 
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Plate XV. 



Separalion of Quarlz (Sp. Gr, 2.64) and S[*alerile (Sp. Gr. 4.0^6) by Pulaion-Jig 

and Sieves. 

TABLE XXrv. 

Estimated Percentage of Sphalerite in the Hills of Plate XV. 
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TABLE XXV. 
Quartz and Copper (Plate T). 
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obtained, the relative proportions of the two minerals were estimated 
by the eye, and the total weight was divided between them in accord- 
ance with this estimate. 

In order to throw light upon the question of interstitial currents,, 
it was necessary to obtain the ratio of diameters for the particles of 
quartz and galena, for example, when the two minerals had arrived 
at equilibrium through the action of the upward current. The val- 
ues given in Tables XXV to XXXVI for the whole series of minerals 
were used for this purpose. 

The particles in any given column may be assumed to be in 
equffibrium because the light and heavy materials there drawn out 
together have had ample time to choose their partners. 

The mode of computation for any given column or bulb may 
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TABLE XXVI. 
Quartz and Galena (Plate 11^). 
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Bulb No. 7. 


Galena, Grama. 


Quartz, Grams. 


Galena, Grams. 


Quaru, Grams. 


Galena, Grams. 


Quartz, 
Grams. 


12 . , - 




8.281 

11.713 
5.525 
6.412 
0.4273 
0.1306 
0.0129 




0.0880 
1.447 
1.946 
10.582 
4.436 
6.790 
3.268 
0.0570 






14 . . 














16 . 


• 


• 




0.0943 


18 . , 








0.3535 


20 . . 








0.5507 


24 . , 








3.465 


30 . . 






«•••••«•••■ 


12.982 


40 . . 


0.0339 
0.2403 
1.6% 
16 335 
7.705 
* 0.2278 
0.0580 
0.1310 




• ••• ••■•#*■• 


5.897 


50 . . 




0.0485 
0.1170 
4.918 
21.141 
4.523 
2.378 
1.902 




1.633 


60 . . 








0.1737 


80 . . 






0.1950 
2.955 
3.738 
3.382 
25.040 




100 . . 








120 . . 








140 . . 








Slimes 
















Total . 


26.4270 


32.5018 


35.0275 


28.6140 


35.3100 


25.1492 



be shown by taking as an example Plate 11^ and bulb No. 5 of 
Table XXVI. Here the average diameter of the quartz particles 
was obtained by multiplying all the quartz weights in columns 5 by 
their diameters, and dividing the sum of the .products by the sum of 
the weights. The galena figures in column 5, treated similarly, give 
an average diameter for the galena particle. This diameter of quartz 
is then divided by the diameter of the galena. In like manner com- 
putations were made upon all of the eleven minerals, and these inter- 
stitial factors are given for all the minerals except magnetite in 
Table XXXVII. 

Lest the proportions of the two minerals (equal volumes) used in 
the pointed tube tests (Plates I to XII) might have influenced the 
results, a trial test for comparison with -Plate lib was made, using 
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TABLE XXVII. 
Quartz and Galena (Ratio 16 : i by Volume). 



Sibvs-Mbsh. 



Bulb No. 4. 



Quartz, Grams. 



Galena, Grama. 



12 . 

14 . 

16 . 

18 . 

20 . 

24 . 

30 . 

40 . 

50 . 

60 . 

80 . 

100 . 

120 . 

140 . 
Slimes 
Total . 



3.598 

3.744 

2.295 

5.791 

1.320 

1.916 

0.880 

0.0336 

0.0017 



• ••'.••••a 



• •••*-< 



19.5793 



0.098 

0.0112 

0.0323 

0.1152 

0.723 

1.409 

0.233 

0.0576 

0.0737 



2.7530 



a quantity of galena equal to about one sixteenth of the volume of 
quartz, instead of equal volumes of the two minerals. The 4th, sth, 
and 6th bulbs were sized, and gave hills apparently at the same 
points as shown in Plates 11^ and 11^. To demonstrate the point 
still further, weights and computations were made upon the 4th bulb 
(Table XXVII) and yielded the ratio of the diameter of the galena 
particle to that of the quartz. 

I : 5.966. 

This ratio is practically the same as those given in Table 
XXXVII for galena and quartz, and therefore demonstrates that 
the relative quantities of the two minerals have nothing to do 
with the law of interstitial currents. The ratio of diameter is fixed. 
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Fig. 6. 




The foregoing experiments show that, under the conditions ex- 
isting in the pointed tube, the diameter ratio of galena and quartz 
in equilibrium together, when interstitial currents have done their 
whole work, is about 1:6 for particles ranging between lo-mesh 

and lOO-mesh. They further show that interstitial 
currents have a real existence, and have decidedly 
advanced the ratio from the equal-settling particles 
of the free falling test which is given by Rittinger 
as 1:4, and which has been found in this investi- 
gation for 10 to 12 mesh quartz as 1:3.75. My 
tests do not, however, substantiate the claim made 
by Professor Munroe that galena and quartz will not 
come to equilibrium in interstitial currents until a 
ratio of i : 30 for their diameters has been reached. 
One or two interesting facts may be noted here, 
although they are on one side from the main thread 
of this paper. 

In the first galena trial (Plate 11^) it was found 
that fine galena appeared in the first drawing below 
30-mesh. This may be attributed wholly to particles 
abraded during the subsequent sifting operation. To 
test the question, the galena quartz lot was mixed 
up thoroughly and run over again (Plate \\b) \ and 
this time the fine galena below the main range of 
galena hills is much reduced, proving the conjecture 
to be substantially correct. 

Again, the fall velocities of these different heaps 

were taken in a tube (Figure 6), designed by C. Le 

Neve Foster, in which by inverting the tube the 

measure may be taken over and over. The results 

are here given. They show that, for example, on 

the i8-mesh line grains of galena in No. i are 

faster than No. 2, and No. 2 than No. 3, also for 

the quartz Nos. 4, 5, 6, .and 7 fall in that order, 4 

being the fastest and 7 the slowest ; 4 contains the 

i8-mesh grains that are nearest to a cube; 7 are the flat oyster 

shells that fall much slower. Results of these trials are given in 

Table XXXVIII. 

In this test a ^oup of 20 or 30 grains was timed. When the 



' lMlii.» 




Reversible Free- 
fall Tube. 
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TABLE XXVIII. 
Quartz and Wolframite (Plate III). 









Bulb No. 5. 


Bulb No. 6. 


Bulb No. 7. 


Sibvs-Mbsh. 


Wolframite, 
Grams. 


Quartz, 
Grams. 


Wolframite, 
Grams. 


Quartz, 
urams. 


Wolframite, 
Grams. 


Quartz, 
Grams. ^ 


, 12 . , . 




5.0224 
8.4741 
5.2412 
9.1827 
1.3058 
1.1077 
0.3766 
0.0392 
0.0455 




0.0723 
0.7525 
1.0360 
7.5598 
3.5209 
8.2641 
6.8889 
0.8611 
0.1977 
0.0418 
0.2079 






14 . . 


• 












16 . . 








0.0342 


18 . . 






0.2932 


20 . . 


0.0418 
0.2220 
0.8650 
3.7694 
12.1549 
6.8694 
0.3685 
0.0911 
0.0886 






0.3887 


24 . . 




/ 


2.4168 


30 . . 






10.4951 


40 . . 


0.0453 
0.0499 
0.37fxS 
3.9501 
15 6509 
3.2758 
1.4869 
6.1610 




10.0156 


SO . . 




4.7618 


60 . 


0.0173 
0.0690 
1.5409 
1.7262 
0.7340 
18.2780 


1.5664 


80 . 




0.S311 


100 . 




0.1865 


120 . 








140 . 








Slimes 










- 






Total 


24.4707 


30.7952 


30.9962 


29.4030 


22.3654 


30.6894 



average grain passed the upper and lower marks the time was 
taken. The results are therefore averages. In the light of these 
facts the remarkable resemblance between these two tests of galena 
and quartz (Plates \la and 11^) becomes more interesting; for it is 
probable that, with certain latitude, the particles of the first test 
found their way back to the same identical heap in the second 
test. This principle of almost absolute predestination of particles 
for their own appointed places in ore dressing is very important. 
It was mentioned by me in Chicago last summer, in discussing the 
paper of Oberbergrath Bilhartz, under the heading " Once Middlings, 
Always Middlings" {Trans, 22, 700). 

It will be noticed that the light color of the slimes of No. 9 
in Plates I to XII is almost always marked when compared with 
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TABLE XXIX. 
Quartz and Antimony (Plate IV). 









Bulb No. 5. 


Bulb No. 6. 


Bulb No. 7. 


Sibvb-Mksh. 

9 


Antimony, 
Grams. 


Quartx, 
Grams. 


Antimony, 
Grams. 


Quartz, 
Grams. 


Antimony, 
Grams. 


Quartz, 
Grams. 


12 . . - 




108059 
10.5023 
3.8306 
4.5723 
0.4613 
0.2330 
0.0377 




0.4286 
2.3922 
2.7134 
9.6878 
2.9766 
3.9996 
1.5920 
0.0390 
0..«;894 


1 


14 . , 












0973 


16 . . 




« 




0.2042 


18 . . 








21545 


20 . . 








1.7760 


24 . . 








5.8914 


30 . . 


0.0377 
0.8874 
6.8722 
10.1563 
8.5035 
1.2058 






12.5619 


40 . 


0.0390 
0.0316 
3.1825 
14.3174 
13.5745 
1.3978 
0.3979 
0.9932 




4.3622 


50 . 






1.1711 


60 . 




0.0992 
1.0615 
9.6491 
4.6588 
1.5357 
14.3481 


0.1488 


80 . 


1 




• 0.1180 


100 . 








120 . 








140 . 










Slimes 




















Total 


27.6629 


30.4431 


33.9339 


24.4186 


31.3524 


28 4854 



its neighbors on the right and left of it. This being a truly sorted 
product, the finer dark mineral hides itself beneath the coarser light 
mineral. This shows in all the sets except copper, which had no 
slimes ; magnetite, which had almost none ; and epidote, the fine 
powder of which is extremely light colored, and of which the loth 
slimes are therefore as light as the 9th. 

The ultimate effect of an upward current of water upon sands 
of two specific gravities is shown in Plates I to XIII inclusive. 
This,- then, is the ultimate equilibrium, which is approached but 
never quite reached by the pulsion movement of a jig. The ideas 
conveyed by these photographs may be represented geometrically 
by Figure 7, in which each cone stands for a column of particles 
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TABLE XXX. 
Quartz and Cassiterite (Plate V). 









Bulb No. 5. 


Bulb No. 6. 


Bulb No. 7. 


Sibvb-Mbsh. 


Cassiterite, 
Grams. 


Quarts, 
Grams. 


Cassiterite, 
Grams. 


Quartz, 
Urams. 


Cassiterite, 
Grams. 


Quartz, 
Grams. 


12 . . . 




4.0757 
7.3256 
5.0848 
10.2372 
1.5721 
1.1806 
0.3092 
0.0102 




0274 
0.4636 
0.6899 
6.1156 
3.4824 
7.7527 
78932 
1.0469 
0.1296 
0.1030 






14 . . 




• 










16 . . 








0.0094 


18 . , 








0.2319 


20 . 


« 






0.3015 


24 . . 


0.0241 
0.2061 
0.3305 
1.2270 
6.6046 
12.2446 
4.3263 
0.3272 
0.0748 
0.1580 






1.6953 


30 . . 






10.8524 


40 . 


0.0551 
0.0864 
0.9265 
9.3352 
16.2333 
2.3566 
0.6666 
4.6162 




8.7152 


50 . 




4.8594 


60 . . 




0.0768 
0.3125 
3.5888 
2.4621. 
0.7038 
15.6383 


1.8441 


80 . 




0.7292 


100 . 




0.8972 


120 . 








140 . 


• 






Slimes 
















Total 


25.5232 


29.7954 


34.2759 


27.7043 


22.7823 


30 1356 
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TABLE XXXI. 
Quartz and Arsenofyrite (Plate VI). 









Bulb No. 5. 


Bulb No. 6. 


Bulb No. 7. 


Sibyb-Mbsh. 


AncDopyrite, 
Grams. 


Quarts, 
Grams. 


Ancnopyrite, 
Grams. 


Quartz, 
Grams. 


Anenopynte, 
Grams. 


Quartz, 
Grams. 


12 . . 




6.3962 
9.0563 
4.8676 
8.2314 
1.2618 
1.3387 
0.1867 
0.0199 




1.0015 
3.2585 
2.1703 
9.3590 
3.1256 
6.2628 
4.6292 
0.3600 
0.0476 






14 . . 












0.1371 


16 . . 


0.0993 
0.3430 
0.0805 
0.2363 
0.7460 
• 0.9764 
2.9162 
5.3491 
6 0430 
0.8948 






0.2182 


18 . . 


a0945> 

0.0316 

0.1278 

0.5144 

0.8400 

0.9052 

2.4436 

7.6572 

6.9215 

0.7400 

a 1858 

A 

0.4976 




1.4163 


20 . . 




0.9750 


24 . . 
30 . 
40 . 
50 . 


0.0362 
a2451 
0.7444 
a9213 
0.8064 
2.1537 
7.7638 
2.5433 
0.9098 
8.7290 


3.5838 

12.0106 

6.6991 

2.7638 


60 . 




a9856 


80 . 






0.5384 


100 . 








120 . 








140 . 










Slimes 




















Total 


17.6846 


31.3606 


20.9592 


30.2145 


24.8530 


29.3279 



of a single mineral species, as they would be arranged in an upward 
current of water. The heaviest grain with the largest diameter is 
represented by the diameter of the base of the cone (w) ; the light- 
est and smallest is represented by the apex of the cone («). Two 
cones placed together, as a and b, represent two minerals of dif- 
ferent specific gravity treated together in a pointed tube. Their 
vertices will be together, because the finest dust of the two will 
settle at almost the same rate, that is, with almost no velocity. 

The largest particles, represented by the bases of the two cones, 
will settle at very different rates, and the relative lengths of the cones 
may be chosen to represent the relative positions in the pointed tube 
of the coarsest particles of each of the two minerals. For example, 
the cone b may represent galena, and a quartz, as they would ap- 
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TABLE XXXII. 
Quartz and Chalcocite (Plate VII). 









Bulb No. 5. 


Bulb No. 6. 


Bulb No. 7. 


SIBVB-MSSH. 


Chalcodte, 
GramB. 


Quartz, 
Grams. 


Chalcodte, 
Gnms. 


Quartz, 
Grama. 


Chalcodte, 
Grama. 


Quartx, 
Grams. 


12 . » - 




6.4328 
9.4660 
3.8929 
5.6878 
a6846 
0.2812 
0.0630 




0.3836 
2.2082 
2.1473 
9.8193 
33762 
6aS19 
3.2998 
0.4794 
0.0329 


0.0103 
0.0235 
0.0049 
0.0532 
a0413 
01946 
1.6990 
3.0624 
1.8900 
1.7927 
7.2729 
11.3342 
17587 
0.7359 
2.7702 


0.0212 


14 . . 


1 








0.0938 


16 . . 
18 . . 
20 . . 
24 . , 
30 . . 
40 . 


0.0069 
0.1514 
1.1977 
6.1287 
8.8292 

4.9825 

• 

1.5220 
0.0491 


0.0217 
0.0992 
a0341 
a0692 
08250 
07190 
3.2620 
6.0144 
8.0520 
23114 
00897 
00195 
0.0505 


0.0925 
l.OUS 
0.7848 
36983 
10.6278 
3.0624 


50 . 




0.6300 


60 . . 




0.0944 


80 . . 






100 . 








120 . 








140 . 










Slimes 




















Total 


22.8675 


26.5063 


21.5677 


28.5986 


326438 


2ail67 



pear when in equilibrium in a pointed tube. The cones d and e 
may represent quartz and arsenopyrite, and g and h may repre- 
sent quartz .and epidote. From these main facts the conclusion is 
natural. The particle c of galena, which is adjacent to a of 
quartz, is very small. It is much smaller than the interstices be- 
tween the quartz particles {a). The same relation holds between 
all the adjacent particles of cones aj and cj. The particle / of 
arsenopyrite is larger than c; it is about equal to the interstices 
between the particles of quartz (d) ; and consequently all the par- 
ticles of arsenopyrite in the little cone fk will bear the same 
relation to the adjacent quartz particles, they all being equal to the 
interstices in the cone (dk). The particles (/) of epidote will be 
larger than the interstices between the quartz particles (^), and this 
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TABLE XXXIII. 
Qu.\RTz AND Pyrrhotite (Plate IX). 









Bulb No. 4. 


Bulb No. 5. 


Bulb No. 6. 


SIBVB-MSSH. 


Pyrrhotite, 
Grains. 


Quartz, 
Grams. 


Pyrrhotite, 
Grams. 


Quartz, 
Grams. 


Pyrrhotite, 
Grams. 


Quartz, 
Grains. 


12 . . - 


0.0854 
0.0489 
0.7106 
0.3483 
1.3307 
9.5668 
6.9965 
3.3025 
0.5011 


12.9000 
8.4606 
23944 
2.1317 
0.3483 
0.1478 
0.1950 




2.8578 
5.6642 
3.5878 
8.2714 
1.0969 
2.4115 
1.8550 
0.0917 




0.1936 


14 . . 






p 




0.6740 


• 

16 . . 


0.0362 
0.0836 
0.0111 
0.2680 
1.8550 
4.4928 
' 5.5675 
3.8000 
1.2862 


» 


0.6461 


18 . . 




4.2311 


20 . . 
24 . . 
30 . . 
40 . . 


0.0233 
0.0558 
0.8274 
1.6844 
2.6784 
.5.0036 
8 5450 
4.9831 
0.4192 
0.1300 
0.1617 


2.3082 
5.5242 
7.4467 
1.6844 


50 . 




a2976 


60 . . 






01021 


80 . 


. 






100 . 




. 






120 . 












140 . 




• ^ 


. 






Slimes 
















' 






Total 


22.8908 


26.5778 


17.4004 


25.8363 


24.5119 


23.1080 



relation will hold all the way up for adjacent particles in the cones 
gl and il. 

The ultimate result of the pointed tube, the Spitzlutte^ the Lake 
Superior separator, and of the pulsion action of the jig is to asso- 
ciate together particles of the two minerals that are to be separated, 
in which the ratio of the grains lies in one of these three classes : 

1. The lesser, higher specific gravity grain is smaller than the 
quartz interstices. 

2. The lesser, higher specific gravity grain is equal to the quartz 
interstices. 

3. The lesser, higher specific gravity grain is greater than the 
quartz interstices. 
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TABLE XXXIV. 
Quartz and Sphai,erite (Plate X). 







Bulb No. 5. 


Bulb No. 6. 


Bulb No. 7. 


Sibvb-Mbsh. 


Sphalerite, 
Grams. 


Quartz, 
Grams. 


Sphalerite, 
Grams. 


Quartz, 
Grams. 


Sphalerite, 
Grams. 


Quartz, 
Grams. 


12 . . - 




3.4518 
. 4.4504 
3.1366 
8 7064 
26426 
3 5302 
2.6226 
0.1293 




0.1900 
0.5707 
0.4898 
3.9642 
1.8967 
6.5>86 
10.0720 
2.7952 
0.6575 
0.0569 


1 




14 . . 


• 






• 




16 . . 






• 




18 . . 




« 


. ' 


0.0922 


20 . . 


0.0539 
03923 
2.6226 
6.3358 
4.6660 
1.5942 
0.3894 






0.1643 


24 . . 
30 . . 
40 . . 
SO . . 


0.0665 
0.1017 
2 7952 
5.9173 
5.6285 
3.7332 
0.6867 


••• n*"* 

0.1247 
0.4212 
1.3300 
3.1622 
6.4017 
6.4078 
0.6962 
0.2921 
0.8976 


0.9541 
6.1078 
8.0019 
5.3187 


60 . . 




3.1622 


80 . . 




2.1339 


100 . . 






0.3373 


120 . . 










140 . . 












SlimeA • 
























Total . 


16.0542 


28.6699 


18.9291 


27.2716 


19.7335 


26.2724 



These laws are important, and should be .recognized and duly con- 
sidered when mills are planned. 

III. Acceleration. 

Rittinger, having found that jigs save galena of smaller sizes 
than his formula of 1866 allows, worked out in his appendix of 
1870 the theory of acceleration to account for that fact, showing 
that a particle of galena which is equal-settling with a particle of 
quartz reaches its maximum velocity in perhaps one tenth the time 
required by the quartz. The oft-fepeated pulsations of a jig give the 
galena particles a decided advantage over the quartz, placing beside 
the quartz, when equilibrium is reached, a much smaller particle of 
galena than we should expect according to the law of equal-settling 
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TABLE XXXV. 
Quartz and Epidote (Plate XI). 



 






Bulb No. 5. 


Bulb No. 6. 


Bulb No. 7. 


SIBVB-MSSH. 


Epidote, 
Grains. 


Quartz, 
Grams. 


Epidote, 
Grams. 


Quartz, 
Grams. 


Epidote, 
Grams. 


Quartz, 
Grams. 


12 . . . 




1.1376 
26366 
2.1569 
8.4234 
2.3020 
2.7109 
2.9161 
0.2645 




0.0858 
0.4537 
0.4406 
3.3701 
21856 
5.3501 
6.1561 
2 5C62 
0.2632 






14 . 














16 . , 










18 . . 


0.4433 
0.7673 

• 

2.71C9 
8.7481 
5 0263 
1.6755 
0.4C66 
0.0816 






0.1179 


20 . 






0.1693 
08444 


24 . . 


0.5945 
6.1561 
5 8478 
5.0005 
1.9449 
0.4786 




30 . . 
40 . 
50 . 


* 

 

0.2146 

1\^ 

4.6980 

4.1074 

5.C657 

2.2078 

0.1084 


6.9373 
6.4429 
4.6980 
2.7382 


60 . 




80 . . 






1.6886 


100 . 








120 . 












140 . . 












Slimes 






















1 




• 

Total 


198596 


22.5480 


20.0224 


20.8114 


IS 5495 


23.6366 



particles. He concludes that the excess of jigging power over that 
indicated by the law of equal-settling particles is due to acceleration. 
Unfortunately, he has not given a ratio of diameters of quartz %nd 
galena which represents equilibrium with regard to acceleration. 

To test this question of acceleration I have designed a pulsion- 
jig or modified Setspumpe, which is shown in Figure 8. It consists 
of a tin funnel (rt), with overflow (^), connected by rubber connector 
(c) to a glass tube (d), cut apart at // for the insertion of a disk 
of sieve-cloth. The two parts are held together by two clamps {e 
and /) and two bolts {gg)j and the leaky joint at // is made tight 
by a belt of rubber plaster. The tube has a branch (k) joined by 
rubber connector {p) to a common plug-cock (/), provided with a gear- 
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TABLE XXXVI. 
Quartz and Anthracite (Plate XII). 









Bulb No. 6. 


Bulb No. 7. 

• 


Bulb No. 8.^ 


Sikvb-Mbsh. 


Quartz, 
Grams. 


Anthracite, 
Grams. 


Quartz, 
Grams. 


Anthradte, 
Grams. 


Quartz, 
Grams. 


Anthracite, 
Grams. 


12 . . - 




2.5000 
2.7538 
2.0190 
46107 
08121 
1.2677 
0.4710 
0.0504 
0.0164 




0.0732 
0.4072 
0.4554 
1.7692 
1.2981 
3.0468 
2.8781 
0.6647 
2118 
0.1068 
0.0743 




0.0022 


14 . . 












00133 


16 . . 








0.0296 


' 18 . . 






a4063 


20 . . 








03932 


24 . . 






1.6826 


30 . . 








53864 


40 . . 


0.0504 
0.3122 
0.9343 
3.0169 
2.2728 
0.1862 
0.0534 
0.0942 






3.6871 


50 . . 


0.0112 
0.1603 
1.4114 
1.1505 
0.5641 
0.2224 
1.8673 




1.9739 


60 . 




0.8904 


80 . . 




0.0273 
1.1045 
0.5585 
0.2224 
3.9229 


0.5186 


100 . 




0.0460 


120 . 






0.0056 


140 . 








Slimes 
















Total 


6.9204 


14.5011 


5 3872 


10.9856 


58356 


15.0352 



wheel {g)y which intermeshes with a larger gear (r) having a crank (j) 
turned by hand. Water is supplied through the rubber hose (/) and 
the Aydrant («). The lower end of the tube is drawn down to one 
quarter inch in diameter at /, and by rubber connector (w) is joined 
to a bulb («) for receiving what passes through the sieve. 

The method of operating this pulsion-jig is simply to turn on the 
water gently at u and revolve the crank (.$-) at the speed desired. 
The revolution of the plug-cock (/) makes and breaks the water 
connection, and the rubber tube (/) is elastic enough to act as an 
accumulator for the instant that the water is shut off. The sand 
fed in at the funnel (a) quickly falls to the sieve (//), and then receives 
a series of intermittent upward pulsations from the movement of the 
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Interstitial Factors, or Multipliers for Obtaining the Diameter of the 
.Particle of Quartz which in the Pointed Tube will be in Equilibrium 
WITH THE Mineral Specified. 



QUAKTZ 


AND 










Ratio of the Diameter of the Heavier to that of the Lighter 

Mineral. 




Column 4. 


Column 5. 


Column 6. 


Column 7. 


Column 8. 


Copper 




8.373 
6.325 
4.924 
4.816 
4.944 
3.847 
3.464 
2.795 
2 308 


7.791 

5.656 

5.381 

4.932 • 

4.713 

3.747 

3 246 

2.988 

2.030 

1610 

5.540 


9.629 
5.544 
5.161 
4.942 
4.436 
3.617 
2.636 




Galena . . . 






•• 










•■■■ ■■■• 


Wolframite . 




Antimony . . 


1 

2.640 




Cassiterite 




Arsettopyrite 




trj 

Chalcocite . 




Pyrrhotite . 




Sphalerite 


2.C42 
1.571 
5.569 




Epidote . 
Anthracite 


1.702 








5.724 



water. The sand is therefore subjected to an upward current of water 
at one instant, which remains stagnant the next instant. These pul- 
sations may be given at almost any rate up to 800 per minute. 

This instrument seems well calculated to answer the question, 
Does Rittinger's acceleration, due to intermittent upward pulsations, 
add anything to the effect of Munroe's interstitial currents ? 

Two tests were made with the pulsion-jig, one upon galena and 
one upon sphalerite, each paired with quartz. 

For convenience, when in use the sieve was removed. This per- 
mitted the products to be drawn off by the bulb in series exactly as 
they were in the pointed tube test, and the bulbs so drawn off were 
sized, and the different little hills were laid out and photographed as 
before (Plates XIV and XV). 

The ratio for three columns of hills, computed by the method 
.adopted for the pointed tube, yielded for the two minerals treated, 
namely, galena and sphalerite, the figures shown in Table XXXIX. 
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If now we compare these ratios of Table XXXIX with those ob- 
tained by the pointed tube (Table XXXVII), we see that nothing 
whatever has been gained by adding acceleration to interstitial cur- 



Fl»«. 





Movable Sievf-Jio 



rents. But since acceleration must logically produce some result, 
there should be some explanation of its apparent failure here. It is 
quite possible that this is a case of "parallelism," just as if two cells 
of a battery be placed side by side in multiple arc nothing is gained 
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TABLE XXXVIII. 

Galena and Quartz Hills of Plate II*, Tested with the Free-Falling Tube 

(Figure 6) for Fall Velocities. 



• 


Series of Bulbs Drawn from Pointed Tube. 


x 
8 
S 


I 


3 


3 


4 


5 


6 


7 


8 


9 


10 


Velocity in Inches per Second (Mean of Four Determinations). 


12. . 


15 36 
13.24 
13.24 
11.46 
11.13 
10.52 
9.48 
6.678- 


14.22 
13 01 
12.39 
11.81 
10.97 
ia24 
9.142 
7.110 
6.399 


96 

8 257 

9.72 

7.603 

6562 

5.774 

4.86 

4.314 


6.62 
6.295 
5.446 
5.333 


6.192 
6.192 
5.774 
5.019 
4.544 
4.196 


6.047 

5.687 

5.224 

4.80 

4.266 

4.00 

3.821 










14. . 


4.291 

4266 

4.412 

4.C62 

3.8975 

3.412 

2.898 

2.377 

1.882 

2.121 
2.453 
1.740 








16. . 


• 






18. . 








20. . 








24. . 


3.413 






30. . 






40. . 


5.731 

486 

3.C0 




2.666 
2.151 
1.714 
1.326 
1.046 






50. . 

60. . 

80. . 
100. . 
120. . 


4.314 

3.692 

3.491 

3.00 

2.603 


3.443 

3.011 

2.493 

2.40 

1.846 

1.691 


1.969 

1506 

1.196 

0.8438 

5253 

0.4757 




140. . 












Slimes. 



































in volts, or as two horses harnessed side by side are no faster than 
one horse. 

Tables XL and XLI give the weights of the hills in three columns 
each of Plates XIV and XV, from which the computations in Table 
XXXIX were made. 

IV. Suction. 

This law of jigging has not received the attention which it de- 
serves. Munroe says of it that suction appears to be necessary for 
jigging through a bed. Hoppe says that suction is very necessary 
to jigging, and that he has in progress an investigation of it. 

In order to test the limits of the law of suction I have designed 
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TABLE XXXIX. 

Acceleration Factors, or Multipliers for Obtaining the Diameter of the 
Particle of Quartz which, in the Pulsion-Jig, will be in Equilibrium 
WITH the Mineral Specified. 





Quartz with 


Ratio of Average Quartz Diameter to Average 
Mineral Diameter. 




Column 5. 


Column 6. 


Column 7. 


Galena 


7.161 
2.091 


6.103 
2.148 


5.074 


Sphalerite . 




1.972 



TABLE XL. 
Quartz and Galena by Pulsion-Jig (Plate XIV). 









Bulb No. 5. 


Bulb No. 6. 


Bulb No. 7. 


Sibvb-Mbsk. 


Galena, 
Grams. 


Quartz, 
Grams. 


Galena, 
Grams. 


Quartz, 
Grams. 


Galena, 
Grams. 


Quartz, 
Grams. 


12 . . - 


0.0023 

0.0378 
0.1887 
1.3844 
11.4166 
8.7252 
0.3900 
0.0487 
0.0382 

• 


14.1593 
6.9501 
2.7127 
3.6445 
0.5471 
0.2946 
0.0430 
0.0020 




4.7280 
5.5411 
2.6621 
8.7326 
22216 
4.1468 
3.1682 
0.3059 
0.0189 




0.0512 


14 . . 










0.5227 


16 . . 






0.4019 


18 . . 






3.1527 


20 . . 






2.0265 


24 . . 






5.3038 


30 . . 






11.0832 


40 . . 


0.0161 
0.0189 
0.1124 
2.5483 
99107 
1.1889 
0.3558 
0.5548 




4.6484 


50 . 


0.0520 
0.0136 
0.3189 
5.9146 
2.2753 
0.9300 
3 2828 


1.6818 


60 . 




0.2582 


80 . 






0.0354 


100 . 


• 






120 . 








140 . 








Slimes 
















Total 


22.2319 


28.3533 


14.7059 


31.5252 


12 7872 


29.1658 
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TABLE XLI. 
Quartz and Sphalerite by Pulsion- Jig (Plate XV). 









Bulb No. 5. 


Bulb No. 6. 


Bulb No. 7. 


Sibvb-Mbsh. 


Sphalerite, 
Grains. 


Quartz, 
Grains. 


Sphalerite, 
Grams. 


Qaarts, 
Grams. 


Sphalerite, 
Grams. 


Quartz, 
Grams. 


12 . . - 


•••••••••••• 


5.1771 
7.3021 
25224 
5.4855 
0.8149 
0.9083 
0.2023 




0.9170 
2.7287 
2.0799 
8.0078 
2.4345 
3.3234 
4.2891 
0.3597 




00533 


14 . . 




— • 








0.2564 


16 . . 








0.3592 


18 . . 


0.2887 
0.5432 
2.7250 
9.9139 
3.5496 
0.7999 
0.1484 


0.0809 
0.0246 
0.8308 
4 2891 
68335 
3.5911 
13368 
0.3341 




2.8745 


20 . 




1.9888 


24 . 

30 . 
40 . 


0.0594 
0.4980 
3.5382 
5.9406 
4.0482 
1.8364 
0.0969 


• 5.8787 
9.4620 
3.5382 


50 . 




0.6601 


60 . 








80 . 








100 . 






• 




120 . 


p 










140 . 














Slimes 




























Total 


17.9687 


22.4126 


173409 


24.1401 


16.0177 


25.0712 



a little movable sieve-jig, shown in Figure 9, which gives a very per- 
fect jigging action. It consists of a glass tube («, a^ a, a) 5 inches 
long and i^ inches in bore, which is cut at /, /, into two parts, 4 
inches and i inch long respectively — the 4 inches being above the 
sieve ; a disk of sieve-cloth (/, /) is inserted between them ; the parts 
are held together by the wooden bars {by b) and the bolts (^, ^), with 
nuts (d, d). Power is transmitted through the rod {hu)y the beam (J) 
oscillating upon a pivot {k)y a connecting rod (/), a small pulley (w) 
with crank-pin, a belt («), and a large pulley {0) driven by a crank 
(/). The cross-bar (/) and the lock-nuts {g, g) are used simply to 
stiffen the rod (;/). The jig is suspended in a glass jar {s) with 
water-level at r. 
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By turning the crank (/) an oscillating motion up and down is 

given to /, received by «, and transmitted to the jig-sieve (/, t). 

The amount of oscillation may be controlled by connecting u with 

J by means of any of the holes {%), The smallest oscillation was 

\ inch, the largest | inch. The latter was preferred for the tests. 

The effects of pulsion and suction were studied in three different 
combinations, namely, full pulsion with much, with little, and with no 
suction. 

1. Full Pulsion with Much Suction, — When the jig (Figure 9) 
is run with the glass tube elevated \\ inches above the surface of 
the water at* the lowest point of its stroke, the jig operates during 
the first few pulsations as a lift-pump, elevating the surface of the 
water .within its tube until the inside water level is perhaps i 
inch above the outside level, the sand particles acting like so many 
little valves. Thus it reaches equilibrium, and from this time on 
the suction due to the downward rush of water must be equal to 
the pulsion due to the upward rush of water. The bed of this jig 
is tight and only slightly mobile. The strong suction compacts it 
more or less. Mobility may be restored by using a long stroke. 

2. Full Pulsion with Little Suction. — When the jig is run 
with the glass tube inundated to a depth of \ inch below the sur- 
face of the water at the lowest point in its stroke, then, during the 
downward movement of the sieve, a full pulsion movement is given 
to the water as it passes up through the sieve, and the sand settles 
through it. But on the upward movement the sand settles in the 
sieve, and comparatively little suction results from the inertia of 
the water. The reason is that there is a free discharge of the 
water at the top of the glass tube. Here we have full pulsion 
with little suction. The bed of this jig is loose and very mobile. 
There is not enough suction to compact it. A shorter stroke here 
suffices for mobility. 

3. Full Pulsion with No Suction, When the pulsion-jig (Figure 
8) is used upon mixed sands, it matters not whether we revolve 
the cock rapidly, giving rapid, small pulsations with short intervals 
of repose, or more slowly, giving fewer and stronger pulsations 
with longer periods of repose, the result is the same. The sands 
are treated by pulsion without suction. The bed of this jig is ex- 
tremely loose and mobile, there being no suction to compact it. 



Close Sizing Before Jigging, 



293 



In all the tests upon jigging now to be described, unless other- 
wise stated, the stroke of the jig was |- inch ; the layer of quartz 
was 2 inches thick ; the layer of the added mineral to be separated 
from the quartz was -^^ inch deep, and placed on top of the quartz. 
When the jig is said to be ** elevated," the top of the glass is i^- 
inches above the water at the lowest point of the stroke ; and when 
the jig is said to be "inundated," the top of the tube is ^ inch below 
the surface of the water at the lowest point in the stroke. A 16- 
mesh sieve was used in the jig throughout the tests. 

The first series of tests was made with quartz and galena to note 
the behavior of different sizes of galena with a single standard size 
of quartz. For this purpose the two minerals were jigged together 
as follows : 

Quartz, in all cases, through 10 and on 12 mesh; average diam- 
eter, 0.0725 inch. 



Galbna. 









• 


. 








N 


tn 








M 


M 


»o 


>c 


» 


•0 


•0 


•0 


•0 


•0 


e 


• c 


e 


c 


C 
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rt 


A 


18 


A 


M 




N 


Ji 


«r 


M 




M 


■k 


* 





ro 


M 


^ 


t^ 


M 


M 


1 ' 


2 




f 


1 


H 


H 


H 


H 


H 



a 



I 



Through (meshes per inch) 
On (meshes per inch) . . 
Average diameter, inches . 



10 


16 


24 


30 


60 


12 


18 


30 


40 


80 


0.0725 


0.0429 


0.0262 


0.00195 


0.0095 



140 



0.0042 



Each pair was treated with much suction, with little suction, and 
with no suction. 

The results are given in Table XLII ; and the following con- 
clusions as to the behavior of quartz and galena are indicated : 

Light suction is more rapid than heavy suction (tests i and 2) ; 
no suction is more rapid than light suction (tests 2 and 3). Where 
the galena is fine, much suction is rapid ; but no suction is also rapid 
(tests 10, II, and 12) until 60 to 80 mesh is reached (test 15), where 
galena is in equilibrium with the quartz. With heavy suction there 
is an interesting maximum reached at .0262 diameter galena (test 7). 
Here the galena is too fine ^or equal-settling particles to help it much, 
and it is too coarse to be sucked down in the interstices of the quartz ; 
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hence its slow action. Compare it with .0195 diameter galena (test 
10), which is small enough to be sucked down in the interstices. 
Here heavy suction brings quite a rapid separation. 

The second series of tests was made upon quartz and sphalerite 
(blende) put together in pairs as in the experiments just described. 
The diameters were the same as those given above fbr the similar 
tests with galena. 

The results are given in Table XLIII, and the following con- 
clusions as to the behavior of quartz and sphaleritp are indicated. 

When the quartz and sphalerite are of the same size, light suc- 
tion is far more rapid in its action than heavy suction (tests 19 and 
20), and no suction is most rapid of all (test 21). As the discrep- 
ancy in size increases, heavy suction gains slightly and light suction 
loses ground slightly (tests 22 and 23, also 25 and 26). No suction 
breaks down entirely in test 27 ; equilibrium is here reached. When, 
however, .0195 diameter sphalerite is reached, there comes a complete 
reversal ; the heavy suction gives a rapid result (test 28), and the light 
suction is quite slow (test 29). No suction was not tried because the 
upward current in the previc)us experiment was too much for a larger 
sized sphalerite. • From this down the heavy suction is rapid (tests 
31 and 34), while the light suction grows weaker in each number 
of the series towards the lower end (tests 29, 32, and 35), where 
the rate of jigging had to be diminished in order to lessen the 
upward current before the sphalerite would go through the sieve at 
all (see test 32 for example). 

We seem here, to a more marked degree than with galena, to 
have the measure of the size of the interstices in the quartz of 10 
to 12 mesh or .0683 inch diameter, for the sphalerite through 24 on 
30-mesh ( = .0262 diameter) is settled only with extreme difficulty 
according to the laws of equal-settling particles and interstitial cur- 
rents, while sphalerite of 30 to 40 mesh (= .0195 diameter) is drawn 
down with great rapidity by suction. We may assume, therefore, 
that this size is the coarsest that can move freely in the interstices 
of quartz of 10 to 12 mesh size. 

The third series of tests was made upon quartz in large grains, 
with quartz in small grains, to determine the effects of suction and 
pulsion. For this purpose the two kinds were jigged by pairs, as fol- 
lows (the results are given in Table XLIV). 
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Quartz passing through lo-mesh and resting on 12-mesh sieve 
(average diameter, 0.0725 inch) was jigged with quartz of the fol- 
lowing sizes : 



Tkst No. 



Through Mesh. 



On Mesh. 



Diameter in Inches. 



37, 38 
39, 40 
41, 42 
43, 44 



24 

30 

60 

140 



30 
40 
80 



0.0262 
0.0195 
0.0095 
0.0042 



We conclude, with regard to quartz of different sizes, that strong 
suction can draw down small grains of quartz through the interstices, 
between large grains of quartz (tests 39, 41, and 43), and, if there is 
no intercepting heavy mineral layer below, these small particles will 
go through the sieve. Light suction, with excess of pulsion, cannot 
draw small quartz down (tests 40 and 42) so long as the jig is really 
working. When, however, the pulsions are so slow as not to move 
the coarse quartz (test 42), then suction equals pulsion and sifting 
takes place. Strong pulsion with no suction cannot draw down fine 
quartz through the interstices of 10 to 12 mesh quartz under any cir- 
cumstances. The quartz will always be graded by size — the coarser 
below, the finer above, as in the pointed tube. 

The fourth series of tests comprised the jigging of mixed sizes upon 
a number of minerals ranging from copper at the heavy end of the 
series to anthracite at the light end. Each mineral was mixed with 
quartz in approximately equal quantity by volume, and the sizes in 
^all cases were from lo-mesh to dust. The pairs were composed of 
quartz with copper, galena, antimony, arsenopyrite, chalcocite, magnet- 
ite, pyrrhotite, sphalerite, epidote, and anthracite, respectively. The 
results are given in Table XLV. To aid in interpreting these results, 
the skimmings or tailings from each of the tests were sifted upon the 
nest of sieves ; each size was spread out upon a sheet of paper, and 
the quantity of the heavy mineral in it was estimated by the eye, as 
per cent, by volume or number of grains in one hundred grains. The 
results of this sifting and valuing process are given in Tables XLVI, 
XLVII, and XLVIII. 

As a means of comparing quickly the final results of these jig- 
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ging tests, the phrase ** 5 per cent, in the tails reached up to ... . 
mesh " is used. The figures inserted in the blank are taken from 
Tables XLVI, XLVII, and XLVIII, and will be seen to give a 
quick and fairly good summing up of the tests. 

The conclusions as to the jigging of mixed sizes are as follows : 

In the elevated (heavy suction) tests, the tailings retrograde rapidly 
from copper towards arsenopyrite. From arsenopyrite on they retro- 
grade but little. (See Table XLVI.) 

Again, in the inundated (light suction) tests, beginning with cop- 
per, the quality of the tailings of each mineral is much poorer than 
that of the mineral next preceding it, until arsenopyrite is reached. 
Here again there is a change — the tailings of arsenopyrite are much 
worse than those of antimony, and but little better than those of its 
lighter neighbors to the right. 

For testing the pulsion-jig, the corresponding values were obtained 
by assuming that the pulsion-jig and the pointed tube have practically 
the same effect. This has been proved at two ends of the series (com- 
pare Plate XIV with Plate i \b, and Plate XV with Plate X ; also, 'the 
tables of figures which correspond). 

On this assumption, we take, for example, Plate \\b. Clearly 
bulbs Nos. I, 2,. and 3 form the heads of jigging, and bulbs Nos. 4, 
S> 6, 7, 8, 9, and 10 form the. tails. We estimate the percentage 
of galena in these different sizes of the tailings. There is no galena 
in 12, 14, 16, 18, 20, and 24-mesh grains. From 30-mesh down my 
estimate is given in Table XLVIII, together with estimates made in 
like manner on Plates I to XII inclusive. 

Once more arsenopyrite appears as the turning point in the series, 
the tailings of the successive minerals rapidly retrograding in the se- 
ries until arsenopyrite is reached, while the tailings of the minerals 
to the right of arsenopyrite are but little worse than those of that 
mineral. 

Quartz being the heavier mineral of quartz and anthracite, it is 
much too good to be in the company it is. The ratio between quartz 
and anthracite is nearly as great as between quartz and antimony. 

The results of this series prove conclusively that strong suction 
is more efficient for jigging mixed sizes than weak suction (compare 
Nos. 45 and 46, 48 and 49, etc.) ; and, again, that weak suction is more 
efficient than no suction (compare Nos. 46 and 47, 49 and 50, etc.). 

These tests show, also, that in jigging mixed sizes of a series of 
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TABLE XLIV. — JxG Tests of Coarser and Finer Quartz. 



Test S7' 

Quartz of diameter, .0725. 
Quartz diameter, .0262. 
Jig elevated. 



Time, Pulsa- Per 
Sec. tions. cent. 



Notes. 



60 265 Quartz all on top. 

120 628 Quartz all on top. 

180 1177 A little down J inch. 

240 1952 A little down 1 inch. 

The great variation in speed effected little. 



Test j8. 

Quartz of diameter, .0725. 
Quartz diameter, .0262. 
Jig inundated. 

Not tried. 



Time, 
Sec. 

60 
120 



Tes/ jg. 

Quartz of diameter, .0725. 
Quartz diameter, .0195. 
Jig elevated, {-inch stroke. 

PuIm- 
tions. 

292 



Notes. 



{No sifting, all fine quartz on 
top. 
744 S Rapid jigging, top layer disap- 
I peared, sifting began, 
isn QRR J Slow jigging, sent the grains 



Time, 
occ. 

60 
120 

180 

240 



Test 40. 

Quartz of diameter, .0725. 
Quartz diameter, .0195. 
Jig inundated. 

^."^"- Notes, 

tions. 

4% Fast, sent all fine quartz to top. 

(Slower, sent all fine quartz to 
top. 
{Slower, sent all fine quartz to 
top. 
{Slower, sent all fine quartz to 
top. 



775 

997 

1179 



Time, 
Sec. 

5 

60 

120 



Test 41. 

Quartz of diameter, .0725. 
Quartz diameter, .0095. 
Jig elevated. 

22 Began sifting. 
266 Sifting freely. 
536 All sifted. 



Test 42. 

Quartz of diameter, .0725. 
Quartz diameter, .0095. 
Jig inundated. 



Pulsa- 
tions. 



Time, 
Sec. 

60 

120 
180 



240 1143 



300 1289 



Notes. 



.QQ ( Fast jigging, all fine quartz 
^^ \ on top. 

696 Slower, all fine quartz on top. 
935 Slower, all fine quartz on top. 

{Slower, 15 per cent, sifted, 
no pumping motion. 
Slower, 30 per cent, sifted, 
no pumping motion, fine 
quartz on top. 



Time, 
Sec. 



Test 4S. 

Quartz of diameter, .0725. 
Quartz diameter, .0042. 
Jig elevated. 



Pulsa- 
tions. 



Notes. 



18 88 



5 Fine quartz all sifted, ex- 
cept a little muddy water. 



Test 44. 

Quartz of diameter, .0725. 
Quartz diameter, .0042. 
Jig inundated. 



Time, Pulsa- 
Sec. tions. 

19 49 



Notes. 

Coarsest of fine quartz sifted, 
finest lifted. 
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TABLE XLVI. 

Percentage of Heavy Mineral in Tails, in Tests with Jig Elevated. Much 

Suction. 
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minerals we have found arsenopyrite to be the middle cone of the three 
(see Figure 7), the turning point in the set, where the heavier mineral 
grain is just large enough to fill the interstices in the quartz. All the 
minerals heavier than arsenopyrite jig easily ; all those that are lighter 
jig poorly when mixed sizes are used. 

The turning point referred to in Figure 7, where the heavy grain 
is of a size which just fills the interstices among the lighter grains, is 
represented by the interstitial factor 3.7 of Table XXXVII. This 
factor has been arrived at in three places in this investigation, namely, 
by jigging tests Nos 7 and 10, jigging tests Nos. 25 and 28, and the 
facts brought out in Tables XLVI, XLVII, and XLVIII. The factor 
will probably vary somewhat with the fracture of the minerals, and 
it also needs confirmation for larger sizes. 
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TABLE XLVII. 

Percentage op Heavy Mineral in Tails, in Test with Jig Inundated. Little 
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While it is a simple matter to make a table of equal-settling fac- 
tors (Table VII), of interstitial factors (Table XXXVII) and of acceler- 
ation factors (Table XXXIX), no corresponding table of suction factors 
can be made. The most that can be said is that suction increases 
with the length of the plunger stroke, with the difference in specific 
gravity of the two minerals, and with the diminishing of the thickness 
of the bed on the sieve, whether of the heavier minerals only or of 
both minerals. 

Summary, — The two chief reactions of jigging are pulsion and 
suction. 

The effect of pulsion depends upon the laws of equal-settling par- 
ticles, interstitial currents, and, possibly, also of acceleration. The 
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TABLE XLVIII. 
Percentage of Heavy Mineral in Tails, in Tests from Pointed Tube or 
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SIBVB-MXSH. 



a 
o 

u 







m 
















^^ 














• 


■g^ 


s 


• 




• 

V 


. 1 


A 


§ 





■g 




o 


-c 


« 

« 


c 

"it 


E 

B 


1 




1 


t 






o 


< 


< 


" 


s 


CU 


Ui 


El) 



' N 



^ ^ c 



12 

14 

16 

18 

20 

24 

30 

40 

50 

60 

80 

100 

120 

140 



Slimes 
















































0.5 





0.5 


5 


0.5 


5 


15 


1 


30 


20 


15 


50 


30 


30 


60 


60 


60 


70 


65 


65 


70 


70 


70 


70 


70 


70 


75 


70 


70 


75 



2 
5 

10 
15 
15 
30 
40 
60 
60 
75 
75 
75 
75 
75 
75 



15 
20 
30 
40 
40 
50 
60 
70 
70 
70 



70 
70 

75 



0.5 



15 
30 
40 
40 
50 
50 
50 
40 
40 



70 -40 



30 
30 
30 



10 
25 
30 
35 
40 
40 
50 
50 
60 
60 
60 
60 
75 
75 
75 



25 
25 
30 
40 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
70 



10 
25 

30 

50 

50 

50 



60 
60 
60 
60 
60 
60 
60 
70 










1 

2 

2 

5 



50 10 



20 
20 
50 
60 
60 
60 
60 
40 



chief function of pulsion is to save the larger grains of the heavier 
mineral, or the grains which settle faster and farther than the waste. 

The effect of suction depends upon the interstitial factor of the 
minerals to be separated (see Table XXXVII and Figure 7). If this 
factor is greater than 3.70, suction will be efficient and rapid. If the 
factor is less than 3.70, suction will be much hampered and hindered. 
The use of a long stroke will help to overcome this difficulty. The 
chief function of suction is to. s^ve the particles that are too small 
to be saved by the laws of equal-settling particles and of interstitial 
currents acting through the pulsion of the jig. 

P'or jigging mixed sizes, pulsion with full suction should be used. 

For jigging closely sized products, pulsion with a minimum of suc- 
tion should be used. 
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The degree of sizing needed as preparation for jigging, if we are 
looking for the most perfect work, depends solely upon the interstitial 
factor of the minerals to be separated. If the factor is above 3.70 
(assuming this value to be sufficiently proved), then sizing is simply 
a matter of convenience. The fine slimes should, of course, be re- 
moved ; and if it is more convenient to send egg size, nut size, pea 
size, and sand size each to its own jig, th^ suitable screens should be 
provided for this purpose, and a hydraulic separator for grading the 
finest sizes. But if, on the other hand, the factor is below 3.70, then 
the jigging of mixed sizes cannot give perfectly clean work and the 
separation will be approximate only. To effect the most perfect sep- 
aration close sizing must be adopted, and the closer the sizes are to 
each other the more rapid and perfect will the jigging be. There 
may be conditions where the jigging of mixed sizes of this class will 
be considered sufficiently satisfactory as an expedient under the cir- 
cumstances. Indeed, it is probable that as much as 90 per cent, of 
the mineral was saved in every test recorded in Table XL VI, except 
that of epidote. 

The small scale on which this work has been done may have ex- 
aggerated to some extent some of the jigging results. It is hoped, 
however, that if the reader does not find here the large-scale work 
exactly pictured, he will find analogies from which he may be able 
to predict results. 

The author is indebted to his assistant, Mr. W. A. Tucker, for 
the careful and accurate way in which the whole investigation has 
been conducted ; and particularly to Mr. J. B. Seager, graduate of 
the Michigan Mining School, for the help he has given, not only 
in conducting the experiments, but also in the way of suggestion and 
intelligent criticism. 
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Thursday, October 11, 1894 

The 461st meeting of the Society of Arts was held at the 
Institute, in the Walker Building, this day at 8 p.m., President Walker 
in the chair. 

The records of the previous meeting were read and approved. 
Messrs. Fred L. Bardwell, Robert P. Bigelow, Peter S. Burns, H. H. 
Carter, R. B. Collins, James M. Crafts, H. M. Goodwin, Simeon C. 
Keith, Jr., James J. Killilea, S. R. Koehler, Frank A. Laws, Richard 
W. Lodge, Arthur A. Noyes, William R. Roney, Harry M. Tyler, 
Willis R. Whitney, Henry J. Williams, Henry B. Wood, all of Boston ; 
John Alden, of Lawrence, William W. Crosby, of Woburn, and Frank 
E. Sanborn, of Tufts College, were duly elected Associate Members 
of the Society. 

The following papers were read by title : 

** Proposed Formula for White Pine Posts," by James H. Stanwood. 

" Cryoscopic Experiments with the Aluminates and Borates of the 
Alkali Metals," by A. A. Noyes and W. R. Whitney. 
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" Results of Tests Made in the Engineering Laboratories. I. Ap- 
plied Mechanics." 

"Some Experiences in Engineering Practice," by Hon. George 
Duncan. 

" Apparatus for Measurement of Difference in Phase Between 
Alternating Currents,*' by Louis Derr. 

The President then introduced Mr. Frederick E. Ives, of Phila- 
delphia, who gave a demonstration of "Composite Heliochromy," 
including triple lantern projection, the photochromoscope, and per- 
manent color printing. The paper was very fully illustrated with the 
lantern, and is printed in the present number of the Quarterly. The 
thanks of the Society were tendered to Mr. Ives for his very novel 
and interesting paper. The meeting then adjourned, and the mem- 
bers and their guests were given an opportunity to inspect and test 
the photochromoscope. 



Thursday, October 25, 1894. 

The 462d meeting of the Societv of Arts was held at the 
Institute this day at 8 p.m.. Professor W. T. Sedgwick in the chait. 

The records of the previous meeting were read and approved. 
Messrs. Horace Dodd, William C. French, George W. Hamblett, 
J. Prince Loud, Samuel P. Mandell, and Franklin W. Pitcher, all of 
Boston, were duly elected Associate Members of the Society. 

The following papers were read by title : 

" Electrolytic Reduction of Paranitrobenzoic Acid in Sulphuric 
Acid Solution," by A. A. Noyes and A. A. Clement. 

" Studies on the Voltaic Cell," by H. M. Goodwin. 

" Close Sizing Before Jigging," by Robert H. Richards. 

The Chairman then introduced Mr. George C. Whipple, Biologist 
in Charge, Laboratory of the Boston Water Works, who read a paper on 
" Some Observations on the Growth of Diatoms in Surface Waters." 
The paper was illustrated with the lantern, and was printed in the 
October number of the Quarterly, At its close Mr. Desmond Fitz- 
Gerald and Dr. T. M. Drown spoke briefly of the practical value of 
a biological laboratory in the management of a city's water works. 
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and especially in commendation of Mr. Whipple's work for Boston. 
A general discussion followed, closed by the Chairman, and the meet- 
ing adjourned. 



Thursday, November 8, 1894. 

The 463d meeting of the Society of Arts was held at the 
Institute this day at 8 p.m., President Walker in the chair. 

The records of the previous meeting were read and approved. 
Messrs. William S. Hadaway and Frank H. Thorp, of Boston, Archi- 
bald T. Martin and Walter L. Martin, of Chelsea, Edward S. Morse, 
of Salem, Albert Ball Tenney, of Everett, George K. Thompson, of 
Maiden, Charles R. Walker, of Cambridge, and George C. Whipple, 
of Newton Centre, were duly elected Associate Members of the 
Society. 

Mr. Blodgett, for the Executive Committee, proposed an amend- 
ment to the By-Laws, making the quorum of the Executive Commit- 
tee three instead of four, as at present. Under the rules it was laid 
over until the next meeting. 

The President then introduced Mr. William Danmar, of Brooklyn, 
who read a paper on **The Colonial Style of Architecture." The 
paper was very fully illustrated with the lantern, and is printed in the 
present number of the Quarterly, The President extended the thanks 
of the Society to Mr. Danmar, and declared the meeting adjourned. 



Thursday, November 22, 1894. 

The 464th meeting of the Society of Arts was held at the 
Institute this day at 8 p.m.. Dr. T. M. Drown in the chair. 

The records of the previous meeting were read and approved. 

The following papers were read by title : 

"Results of Tests in the Engineering Laboratories. II. Steam 
and Hydraulic Tests." 

" The Summer Scliool of Mines," by Robert H. Richards. 

Action on the proposed amendment to the By-Laws was post- 
poned until it should have been approved by the Committee of the 
Corporation. 
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The Chairman then introduced Mr. Arthur D. Little, of Boston, 
who gave an address on " PaperrMaking and the New Uses of Wood 
Fibre," and showed a large collection of specimens illustrating it. 
The Chairman extended the thanks of the Society to Mr. Little, and 
declared the meeting adjourned. 



Thursday, December 13, 1894. 

The 465th meeting of the Society of Arts was held at the 
Institute this day at 8 p.m., Mr. George W. Blodgett in the chair. 

The records of the previous meeting were read and approved. 
Messrs. Amos Binney, of Boston, Charles F. Warner, of Cambridge, 
and Leonard C. Wason, of Brookline, were duly elected Associate 
Members of the Society. 

Mr. L H. Famham, of the New England Telephone and Telegraph 
Co., read a paper on "Electrolysis of Pipes — the Cause and Pre- 
vention." The paper was fully illustrated with the lantern. The 
meeting then adjourned. 

Clement W. Andrews, Secretary. 
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COMPOSITE HELIOCHROMY. 

By F. E. IVES. 

Read October ii, 1894. 

Composite Heliochromy is a system of photography which is 
capable of automatically and accurately reproducing the colors of any 
objects that may be photographed, although the direct action of light 
upon the sensitive plate does not produce colors, but only a record of 
colors, which record is afterwards translated into color again to the 
eye by either of two distinct methods. Three negatives are required 
to produce the color record, because there are three colors that can be 
made to reproduce all others by mixture in suitable proportions.^ It is 
the function of the negatives to secure a correct mixture of these 
three colors in the composite color photograph. 

The three colors which will mix to reproduce all others are the 
spectrum red below Fraunhofer line C, the spectrum green at E, and 
the violet above G. Equal parts of the green and red produce a very 
perfect yellow, and mixtures in other proportions produce all shades of 
yellow-green and orange. Equal parts of the violet and red produce 
a bright pink, and equal parts of the green and violet produce a bright 
cyan-blue. A mixture of the three in correct proportions .produces 
a perfect white. 

The colors produced by such admixtures are not, however, physic- 
ally identical with the spectrum colors which they represent to the 
eye, and appear to be so only to people having normal color vision and 
under normal conditions. For instance, even to a person of normal 
color vision the mixture of red and green may be made to appear 
either red or green by interposing suitable color screens which do not 
alter the hue of the spectrum yellow in the least. 

This method could not, therefore, be said to actually reproduce 
all natural colors if colors were objective, as taught by Newton and 



'A partial exception is the spectrum blue-green, which is slightly degraded by admixture 
of white in the reproduction. 
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Brewster. But color is merely a sensation, like the feeling of heat, 
cold, etc., and therefore to produce the same effect upon the nerves 
of vision is to produce the same sensation, which is the same color. 
The explanation of all this is, briefly, that there are three funda- 
mental color sensations, which, it is convenient to assume, are due to 
three kinds of nerves in the eye (although some other explanation 
may eventually be found), and most of the spectrum rays excite two 
fundamental sensations at once, in different degrees. Maxwell be- 
lieved that the red rays below C, the green at E, and the violet near 
G, the only colors which can be made to reproduce all others, excited 
exclusively the respective fundamental color sensations. By means of 
a very ingenious optical device, which is known as Maxwell's color 
box, he reproduced all of the other spectrum colors to the eye by 
mixtures of these, and plotted curves showing exactly what mixture 
was necessary to reproduce the color of any point in the spectrum. 




Recent investigations have established the fact that the green of 
the spectrum does not accurately represent the fundamental green 
sensation, but that sensation degraded by considerable admixture of 
red and a little violet. But there is no other means of exciting the 
green sensation so exclusively in a person having normal color vision 
as by exposing the retina to these particular spectrum rays, and a suc- 
cessful system of composite heliochromy must therefore be based upon 
such measurements as were made by Maxwell. Abney has obtained 
somewhat more accurate results, but the differences are of very little 
practical importance in this connection, because they are due chiefly 
to the use of purer colors with which to make the mixtures, and Max- 
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well's ** fundamentals** are as near correct as anything which it is prac- 
ticable to use for reproduction purposes in composite heliochromy. 

The application of Maxwell's color curves to composite helio- 
chromy is most readily shown by assuming that we wish to reproduce 
the spectrum itself. We know that in order to do so we must mix 
the three colors which Maxwell assumed to be the fundamentals, and 
that for each part of the spectrum we must mix them in the propor- 
tion indicated by the height of the color curves in the diagram. One 
negative represents the red, and all of the spectrum rays from A to E 
must act in producing it in such proportion that it will show a distri- 
bution of density corresponding to the first curve of the diagram. We 
may secure this by exposing through a suitable orange-colored screen 
a rapid gelatine-bromide plate sensitized by cyanine, or the same re- 
sult can be obtained with commercial " isochromatic " plates by expos- 
ing through a compound color screen of brilliant yellow and fuchsine. 
Another negative which represents the green must show a density 
curve corresponding to the second curve in the diagram, and another^ 
representing the blue-violet, a density curve corresponding to the third 
curve in the diagram. These negatives can also be made on ** isochro* 
matic" plates by exposing through suitable color screens. These 
three negatives constitute, by their distribution of light and shade^ 
a record of all the colors of the spectrum, and represent the first stage 
of the process of composite heliochromy, which is the same for all 
objects, because a procedure that will secure a correct reproduction 
of each and every separate spectrum color must reproduce all mixed 
colors as well. 

Our color record in no way suggests color, but if we make lantern 
slides from it and project one with red light, one with green, and one 
with blue-violet in proper register upon the screen, the mixture of the 
three colors, regulated by the variations of density in the positives^ 
will produce a perfect reproduction of the spectrum we photographed. 

The process as described seems complicated and roundabout, but 
the production of the color record has been so simplified by the inven- 
tion of a special camera that it is exactly as easy as the production of 
an ordinary photographic negative, the three images being made by 
simultaneous exposure on a single plate. It was necessary to simplify 
the operation of the process in this way in order to make it available 
to unskilled operators, or even to make it reliable in the hands of the 
most skillful. It was also desirable to provide a means of translating 
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the color record into color more simple and convenient than by lantern 
projection, and this is accomplished in the photochromoscope, a table 
instrument not much larger than a stereoscope. In this instrument 
each of the monochrome images of the chromogram is seen through 
its appropriate color screen, but the three are blended into one on the 
retina, reproducing the colors so perfectly that one appears to see the 
object itself instead of a picture. 

The photochromoscope and photochromoscope camera and process 
constitute a method of reproducing the natural colors which is as 
simple in operation as stereoscopic photography. And the instru- 
ment can, of course, be made stereoscopic, so as to combine stereo- 
scopic relief with color. Nachet, of Paris, claims to have done this 
in a new instrument of his own design, in which one eye sees the red 
and green images (blended, into one) and the other eye the blue-violet ; 
but this instrument is really very defective, both as a stereoscope and 
as a photochromoscope. It is defective as a stereoscope, because the 
images seen by the two eyes are different in color, which tires the 
eyes ; and the stereoscopic effect is also imperfect for strongly colored 
objects, which are sometimes scarcely visible in one image, while 
strongly defined in the other. It is defective as a photochromoscope, 
because colors cannot be perfectly blended except upon the same 
retina, the impression being a changeable one, as the attention is in- 
voluntarily and unconsciously shifted from the sensation in one eye 
to that in the other in rapid succession. This curious effect may be 
seen by placing a deep ruby-red glass in front of one eye and a deep 
green in front of the other, and looking at a white object ; with yellow 
and blue glasses the effect is of the same character, only less marked 
and irritating. In my own stereochromoscope each eye sees an image 
complete in color and detail, and it is only necessary to cover some of 
the positives, so as to practically convert it into a Nachet instrument, 
in order to make the result intolerable by comparison. 

By an extension and further complication of the system perma- 
nent color prints can be made, either as transparencies on glass, suit- 
able for lantern slides, or prints upon paper ; but absolutely satisfac- 
tory results can be obtained only in the photochromoscope, and in my 
opinion all other applications of the system are of less importance, 
because they are more complicated, more difficult, and less perfect in 
proportion to their complication. 

The production of permanent color-print lantern slides, however, 
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protnises to become sometime in the future an important industry. 
Already it has reached such a stage of perfection in my own hands 
that although it costs far more to make these pictures than ordinary 
hand-painted ones, the results are so exquisite that I doubt if anybody 
would use painted slides who could get these at ten times the cost ; 
and I think their first use as popular lecture illustrations this year 
will mark the commencement of a new era in lantern lecture work. 

These lantern slides are made from the photochromoscope nega- 
tives by a comparatively simple process, which is not difficult to carry 
out, except that it requires a master of the science of the subject to 
recognize and keep to the conditions which guarantee a high degree 
of accuracy in the results. A thin sheet of clear celluloid coated with 
bichromatized gelatine is exposed to light under the negative, the 
light passing through the celluloid to the sensitized gelatine. The 
resulting print, which shows the three images of a chromogram in a 
delicate brown color, is placed in hot water, which dissolves away all 
of the gelatine that is not rendered insoluble by the action of light 
and leaves the images in very low relief in transparent gelatine, the 
shadows of the pictures being represented by various thicknesses of 
the gelatine and the extreme high lights by clear celluloid. The three 
images are then cut apart wijth scissors and each colored up by soak- 
ing in a solution of a dye the color of which is nearly complementary 
to the fundamental sensation which that image represents. The dye 
does not color the celluloid, which merely serves as a support for the 
gelatine picture, but is taken up by the gelatine in proportion to its 
thickness. Relatively too much or too little color in any one print 
will destroy the accuracy of the coloring in the composite whole, and 
in practice it is almost always necessary more than once to wash out 
the color and immerse in the dye again for a longer or a shorter time. 
The colored prints are superposed so as to bring the three images into 
register and make them appear as one, and if the deepest shadows are 
then a neutral black the colors should be right throughout all the 
shades of the picture, and will be, if the correct printing colors are 
used and the known theoretical conditions of success adhered to. 
When satisfactory, they are cemented up between glasses with Canada 
balsam and fastened by a paper binding on the edge. 

In triple lantern projection and in the photochromoscope the 
image of the red sensation is projected with red light, the green with 
green light, and the blue-violet with blue-violet light. In three-color 



322 F, E. Ives, 

printing the image of the red sensation is a cyan-blue print, the green 
a pink print, and the blue-violet a yellow print. This is confusing to 
most people, but it is easy to show that it comes to the same thing. 
When we have made a white disk on the screen by means of the triple 
lantern and its red, green, and blue-violet lights, we shall find that if 
we insert a positive in the red section the result upon the screen is 
a cyan-blue picture on a white ground, looking exactly like the cyan- 
blue print we have to make from the negative of the red sensation in 
three-color printing. The same for the other images, which are pink 
and yellow. We get no black shadows on the screen until there is a 
positive in each section. In the same way we get no blacks in three- 
color printing until all three prints are put together. 

The function of the uncolored positive in triple projection and the 
colored positive in triple printing is, therefore, the same, i.e.^ to sup- 
press by its shadows those rays which excite powerfully the funda- 
mental sensation which that positive represents. In triple printing 
the positive of the red sensation is a cyan-blue, which absorbs first of 
all the red and orange rays, but also, progressively, the yellow and 
green-yellow, freely transmitting only those which excite most exclu- 
sively the other two sensations. The positive of the green sensation 
is a pink, which absorbs first of all the green rays, but also, progress- 
ively, the yellow and green-blue. The positive of the blue-violet sen- 
sation is a yellow, which absorbs first of all the violet rays, but, pro- 
gressively, the blue and blue-green. These colors are called the 
printing colors, and are the only ones that are capable of reproducing 
all others by absorption, as red, green, and blue-violet light will by 
mixing. 

It will be observed that the printing colors are not " red, yellow, 
and blue," but pink, yellow, and green-blue. The fundamentals are 
obtained by superposing films of these colors two and two. Thus, 
it requires a combination of the pink and yellow to produce red, the 
pink and cyan-blue to produce true violet-blue, and the cyan-blue and 
yellow to produce green. Each printing color represents the abstrac- 
tion from white light of one of its fundamental color elements, and 
Captain Abney has therefore suggested that the fundamentals be 
termed -+" R> + G, + V, and the printing colors — R, — G, — V. 
The fundamental violet is the spectrum color, and not the violet of 
commerce, which is a purple. 

By a still further extension of the system prints are made on 
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paper by machine printing, with half-tone process blocks. We have 
heard a great deal of this method for two years past, but it is not, in 
my opinion, capable of competing with chromolithography for com- 
xnercial purposes at the present time. The photochromoscope system 
is the only one that can be made practically available by amateur pho- 
tographers, and the results are almost ideally perfect The lantern 
slide process is far more difficult to carry out in a perfect manner, 
and the results, although beautiful^ are certainly not quite so perfect. 
The machine printing process is stfu more difficult to carry out in a 
really satisfactory manner — so much so as to make it at present com- 
mercially impracticable — and the results are at best very inferior. 
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THE COLONIAL STYLE OF ARCHITECTURE. 

By WILLIAM DANMAR. 
Read November 8, 1894* 

The main cause of the failure of development of a modern Amer- 
ican style of architecture is the fact that, in consequence of the so 
much extended means of communication and publication, we know 
now the styles of every country and every period, and are so over- 
whelmed by this immense amount of varying architectural produc- 
tions that we cannot as yet concentrate our efforts in one particular 
line and work in one particular style. 

The history of architecture shows that a style was the natural out- 
growth of the concentrated evolution of the entire architecture of 
a nation or a period. During the eighteenth century the conditions 
in America were favorable for the development of a distinct style, 
because this country was isolated and the knowledge of architecture 
limited to one style, that of the later Renaissance ; and such limitation 
will always result in the development of a new style. In this country 
it resulted in the colonial style of architecture, which is really the 
only one that can be termed distinctly American. Since this style 
has in late years been revived and become the leading one for country 
residences, the study of it is interesting, both from the historical and 
professional standpoints. 

The architectural profession uses the term of " Colonial Architec- 
ture " to indicate the architecture in America from the beginning of 
colonial times to the introduction of Greek architecture at the begin- 
ning of the present century ; consequently some forty years of the 
existence of the republic are included, which shows that the change 
of government did not produce a change of the style of architecture. 

The colonial style is identical with the style of the American 
Renaissance, or the American branch of the great new birth of 
Roman art, and especially of the later Renaissance of the eighteenth 
cent.ury, which in every country of the civilized world was altered and 
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adjusted to the various conditions to such an extent as to produce 
a number of national Renaissance styles. Our colonial style is one 
of them ; it is, therefore, just as much a national style as, for instance, 
the English or the German or the French style of the Renaissance of 
the eighteenth century. 

There are three periods of colonial architecture : first, the colonial 
period of the seventeenth century ; second, the provincial period, from 
the beginning of the eighteenth century to the time of the Revolution ; 
and third, the federal period, from the birth of the nation to about the 
year 1815, when the stout Greek porticoes made their appearance. 
Colonial architecture is also subdivided into three branches : the 
English colonial of New England, the Dutch colonial of New York 
and vicinity, and the French colonial of the South. The colonial 

m 

architecture of New England is considered the best and most elabo- 
rate, and has therefore been made the basis of the modern revival 
of the style which began in Boston and has now spread all over the 
country. 

The architecture of the colonial period was necessarily crude and 
plain, owing to the limited facilities for artistic work. The Fairbanks 
house in Dedham, Massachusetts, built in the year 1636, is one of the 
oldest, if not the oldest, frame dwelling house in New England. There 
are also a number of frame cottages in Concord, Massachusetts, of the 
seventeenth century, of which the Minot house is one of better design 
than most of them. All these buildings, however, which are now 
ruins, do not yet show a style of their own, but are simply imitations 
in wood of the stone architecture of Europe ; yet this very imitation 
was the main cause of the gradual development of the colonial style, 
for there is nothing influencing architecture so much as the material 
of which it is made. 

There is one building of the colonial period of the seventeenth 
century on which one of the principal features of the colonial style 
originated ; it is the Unitarian Church at Hingham, Massachusetts, 
built in the year 1681. It still exists, and is now the oldest church in 
America ; it is not a ruin, but in good condition, because the exterior 
woodwork has been renewed twice and the best care has been taken 
of it. But it is only by careful repairs that this sole relic of the 
Puritan wooden meeting houses of the seventeenth century has been 
preserved so long ; all the others have rotted away. The architects 
of the meeting house at Hingham were old sea captains, who prepared 
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for themselves a gallery at the top of the large, plain, hip roof by 
creating a small deck roof with a slender turret in the center and a 
railing around it. On this roof gallery the sea captains then stood 
and observed the ships on the near-by water, as they did before from 
the ship's bridge ; for this reason that old meeting house was, and is 
still, called "the Ship," or by this time, "the old Ship." The gallery 
on the roof was imitated, became a matter of fashion, and finally one 
of the principal features of the colonial style, which we find again on 
almost every important building of the eighteenth century, where in 
some cases it was elaborated to what is termed "the sky parlor." 

The provincial period, consisting of the first three quarters of the 
eighteenth century, produced more elaborate buildings, on account of 
the growing wealth of the country and the increased facilities for 
obtaining implements and materials. The greatest feature of the 
architecture of this period was the gambrel roof, which was highest 
developed at about the middle of this period. The Greenough house 
in Jamaica Plain, built in 1730, and the Dalton house in Newburyport, 
"built in 1750, are still existing prominent representatives of the gam- 
brel roof architecture of the provincial period. But its most promi- 
nent representative was the Hancock mansion in Boston, which has 
in late years been torn down to make way for modern improvements. 
It was built in the year 1737 by Thomas Hancock, and after his death 
came into the hands of Governor John Hancock, who made it a center 
of colonial society. The Hancock mansion, which is shown in our 
illustrations, was built of brown stone and had a fine gambrel roof, 
with three dormer windows to the front, a railing on the deck roof, etc. 
Over the entrance door was a balcony, and the balcony door was 
adorned with a cap that terminated with the volutes of the barock 
style. This building has become the pattern for a large number of 
modern buildings of the colonial style, and has also been the model 
for the Massachusetts House at the Chicago Fair. Our second picture 
shows a modern house in Andover, Massachusetts, designed by Mr. 
Kelly, of Boston, in the style of the gambrel roof architecture of the 
first half of the provincial period. Since the Hancock mansion is the 
principal pattern for these buildings of the modern revival, we may 
term this "the Hancock House Colonial Style." 

After the year 1740 the hip roof with roof gallery took the 
place of the gambrel roof, especially on brick buildings, because it 
saved the brickwork of the gables. The Pettingrew house in Ports- 
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TOouth, New Hampshire, and the Emerton house in Salem, Massachu- 
setts, are fine specimens of those plain, square, hipped-roofed brick 
houses of the middle of the eighteenth century, which have found 
but little imitation in modern times. But that feature of colonial 
architecture which more than any other entitles it to a style of its 
own had by this time been well developed, and that is, the excep- 
tionally slender proportions of details. The minute dentals, moldings, 
j>apier-mach^ ornaments, so very delicate and fine, are all consequences 
of the fact that the art forms or trimmings of all these buildings, even 
of the brick buildings, were made of wood, which not only permitted 
but really called for ^uch delicacy. In this respect of details, the 
-colonial style has deviated further from classical proportions than 
any other style of the Renaissance. This "delicate feeling" of 
-colonial details has been credited to "the refinement of the colonial 
people," which, I think, is a decided mistake ; for, not considering 
whether there was such a special refinement or not, which I doubt, 
the mere fact that these details of stone architecture were imitated 
in wood gives a sufficient technical explanation of their development 
into these slender and fine proportions, which reached their almost 
<* unnatural" culmination on the mantles of the federal period. 

In the year 1759 ^ ^^^ ^7 ^^^ name of Craigie erected a fine 
mansion in Cambridge, Massachusetts, which is now called " the Long- 
fellow house," because it has been the residence of the poet Longfel- 
low. During the Revolutionary War it was the headquarters of Gen- 
eral Washington. This building, of which we show a view, marks the 
beginning of the style of the federal period, and is still its main rep- 
resentative. The Taylor house in Dorchester, built in 1780, and a 
number of other grand old mansions of the federal period are largely 
patterned after the famous Craigie mansion or Longfellow house. Its 
principal features are a large hip roof with a roof gallery, and in the 
•center a gable with a semi-round window flanked by two dormer win- 
dows. At each end of the building is a wide piazza, and the front 
wall is adorned with four heavy pilasters of the barock style. These 
principal features are very good and well proportioned, while the 
details are rather heavy and not as strictly colonial as those of other 
buildings of that period. But the general outlines of the Longfellow 
house have become great favorites in the modern revival of the style, 
even more so than the outlines of the Hancock house ; therefore " the 
Longfellow House Colonial Style " is now the second principal branch 
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of that architecture. The fourth picture shows a modem cottage in 
Brookline, which is designed in the Longfellow house colonial style, 
though it varies in many details from the original. 

Besides these two principal branches there are other less impor- 
tant branches of the style ; one of them is represented by the Babson 
house in Newburyport, which has been the pattern for a very fine 
modern mansion in Braintree ; this branch is similar to that of the 
Longfellow house, except that instead of a center gable it has a third 
dormer window on the front roof. Another branch of the style is 
patterned after the Watson house in Providence, Rhode Island, now 
torn down; it has an additional railing at the foot of the large hip 
roof, directly over the outside walls. 

Among the modern cottages of the colonial style there are some 
which show an attempt to combine to a harmonious design all the 
principal features of the style of the federal period, which should 
really be termed "the Federal Style of architecture." A very suc- 
cessful and most beautiful building of this kind is the grand colonial 
mansion of Mr. Gordon Reed, in Cowesett, Rhode Island, designed 
by Gould & Angell, of Providence. A number of other similar man- 
sions in New England are also quite complicated designs in this style ; 
they are somewhat too complicated and too "broken up" for colonial 
mansions, but they show that the architecture of the federal period 
furnishes us enough varying details to answer for all purposes ; and 
this will be the more so after the architects or students of archi- 
tecture have brought to light all there is in that architecture (for 
there can be no doubt but that there is a great deal more in it than we 
have got out of it so far) and then have systematized it and placed it 
in the hands of the profession "ready for daily use." Those who 
should do that would do a great service to the national architecture 
of this country. 
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STUDIES ON THE VOLTAIC CELL} 

By H. M. GOODWIN, Ph.D. 

Received October 19, 1894. 

Introduction. 

Of the many scientific problems which have presented themselves 
during the last century for solution, probably no single one has excited 
more universal interest or been more widely discussed than that of the 
origin of the electromotive force in the voltaic cell. As is well known, 
opinion as to the cause of the development of electrical energy in the 
cell has from the very first been more or less equally divided, the views 
of the two respective schools being set forth in the well-known chemi- 
cal and contact theories. It is not proposed in the present paper to 
reenter upon any discussion of these repeatedly contested views. Pro- 
fessor Lodge's 2 admirable risumi and discussion of the whole sub- 
ject a few years since leaves, indeed, little to be added ; and with 
the principal conclusion of his paper, namely, that the true seat of 
the E. M. F. of a cell is at the metal-liquid junction, I wholly agree. 

But in tracing back the principal seat of E. M. F. to the metal- 
liquid junction, only the first step towards establishing a satisfactory 
theory of the cell is made. There still remains the more fundamental 
question as to what energy transformation takes place when a metal 
and liquid are brought in contact, and of formulating a theory by 
which the potential difference {P, D) thus produced can be calculated 
from other measurable physical quantities. That thermochemical data 
of the reactions taking place in a cell alone furnish no true measure of 
the E. M. F. is now well known from the investigations of Gibbs and 
V. Helmholtz. To what energy transformation shall we then ascribe 
the development of voltaic electricity } 

For a satisfactory answer to this question we have in the first 



'Translated and rewritten, with omission of experimental details of the investigation, 
from Zeitschrift fiir physikalische Chemie, 13, 577, 1894. 
'Lodge, Philosophical Magazine, xg, 561, 1885. 
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instance to thank Professor Nernst,^ who, in his paper on the Elec- 
troniotorische Wirksamkeit der lonen^ not only developed a theory 
of liquid cells, which has been well confirmed by experiment, but also 
a theory of the development of electrical energy at the junction of a 
metal and liquid. This theory, which for reasons will appear directly 
may appropriately be called the osmotic theory of the cell, was further 
developed and followed out in its consequences by Ostwald in 1893, with 
the result that in all probability the following general law holds true : 
The P, D, bettveen a metal and a liquid is determined by a constant 
c/iaracteristic of the metal {its electrolytic solution pressure) and by the 
partial osmotic pressure of the kathions of the metal in the solution. 

This law may be considered as an extension of Nernst's original 
statement of the theory, in as much as it should hold for very small as 
well as greater concentrations of the kathions. As no experimental 
data by which this generalization of the theory could be tested was at 
hand, I undertook, at the suggestion of Professor Ostwald, an investi- 
gation with this point in view, the results of which are embodied in 
this and a following paper. It is with pleasure that I take this oppor- 
tunity of expressing to Professor Ostwald my sincere thanks for the 
interest and numerous suggestions which he accorded me throughout 
my work. 

Before considering the experimental part of this investigation it 
seems desirable to review and formulate the fundamental ideas on 
which the theory rests, especially as a statement of the osmotic theory 
has not as yet appeared in English. The development here given is in 
accordance with the most recent investigations, and differs, therefore, 
somewhat from that originally given by Nemst in 1889. 

Osmotic Theory of the Voltaic Cell. 

A reversible electrode may be defined as oije whose surface re- 
mains chemically unchanged, or, in other words, does not become 
polarized by the passage of a current through it in either direction. 
For convenience we will divide, with Nemst, all reversible electrodes 
into two classes, namely : 

Electrodes of the first kindy consisting of a metal in a solution of one 
of its salts, e,g,, zinc in zinc chloride, copper in copper sulphate, etc. 



'Nernst, Zeitschrift fiir physikalische Chemie, 4, 129, 1889. 
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Electrodes of the second kindy consisting of a metal in a solution 
which is saturated with a more or less difficultly soluble salt of the 
metal, and contains in addition a second soluble salt whose anion is 
identical with that of the first salt, e.g,, mercury in a zinc sulphate 
solution containing an excess of mercurous sulphate, one of the elec- 
trodes of the well-known Clark cell. We will call the salt with which 
the solution is saturated the depolarizer. Regarding its solubility we 
will make no assumption whatever ; it may be comparatively soluble or 
may belong to the class of so-called insoluble salts, the one condition 
to be fulfilled being that it shall be present in excess, so as to insure 
saturation of the solution with respect to it. 

Elements made up of two such reversible electrodes, be they both 
of the first kind, as in the Daniell element, or one of the first and one 
of the second kind, as in the Clark element, or, finally, both of the sec* 
ond kind, are themselves reversible and belong to the class of constant 
elements. In what follows it is to such elements alone that our con- 
siderations will apply. 

If we consider any closed element of the above type it is clear that 
the E. M. F. is equal to the sum of the potential differences at the sev- 
eral heterogeneous junctions in the circuit. In general these junctions 
are : 

1. Metal-liquid. 

2. Liquid-liquid. 

3. Liquid-metal. 

4. Metal-metal. 

As I and 3 are the same, there are really but three different 
junctions to consider. We will consider them each in turn. 

Metal-Metal Junction.^ 

« 

A satisfactory theory to account for the development of electrical 
energy at the junction of two different metals, it must be admitted, 
has not as yet been proposed. The several explanations which have 
been put forward by Lodge, Ostwald, and others are little more than 
possible hypotheses, with hardly the claim to the consideration of a 
theory. 



' It need hardly be mentioned that the contact force here considered is not to be con- 
founded with the ''volta effect," /. ^., the P, D, of a metal-gas junction. 
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Regarding the magnitude of this P. D, we know much more, how- 
ever. Although not directly measurable by the ordinary electrometer 
or galvanometer methods, its true value has been repeatedly indirectly 
measured by the Peltier effect and by the known relation between the 
thermo-electric coefficient of a metal pair and its potential. Deter- 
minations of the true contact force of metals by these methods have 
proved it to be very small, rarely exceeding a few milli-volts except 
for a few exceptional combinations, such as antimony and bismuth. 
It may usually be neglected, therefore, in comparison with the total 
E. M. F. of a cell. 

Liquid-Liquid Junction. 

The existence of a P. D, at the junction of two liquids has been 
known since the time of Volta, and numerous investigations have been 
carried out to determine its cause. Until very recently, however, no 
results of a general character were obtained. All attempts to explain 
this development of electrical energy by chemical actions taking place 
between the solutions proved fruitless, as it was shown by Worm 
Miiller that very considerable potential differences existed between 
solutions having no chemical action whatever on each other. That 
the effect was dependent on the relative concentration of the solutions 
in contact and on their nature was, however, well established by these 
earlier investigations. 

The first step towards the solution of this problem was made by 
V. Helmholtz in 1882, who showed by purely thermodynamical con- 
siderations that the E. M. F. of certain concentration elements could 
be calculated from the vapor pressures of their solutions and Hittorf's 
transference numbers. It was not until 1889, however, when Nernst, 
armed with the modern theory of solutions and the dissociation theory, 
took up the problem, that a clear conception of the phenomena taking 
place at the junction of two electrolytes was reached. He had already 
shown a year previous in a paper on the diffusion of electrolytes that 
a P. D, must be developed at the junction of two electrolytes when 
brought in contact with one another, its amount depending on the 
difference of the velocity of migration of the ions present and on 
the relative concentration of the solutions. 

By choosing suitable electrolytes, as potassium chloride, for ex- 
ample, in which the velocity of migration of both anion and kathion 
is nearly the same, the P,D, at the liquid junction can be reduced 
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to practically zero. Under any circumstances the P, D, of liquid ele- 
ments is small. The further development of Nernst's theory by 
Planck arid its excellent confirmation by the investigations of Neg- 
bauer have put the theory of liquid cells on a sure and calculable 
basis, at least as far as binary electrolytes are concerned.^ We shall 
in what follows choose our solutions such as to make this P, D. either 
negligible or so small that it can be regarded as a small correction 
tenn, and may therefore without further ado dismiss this source of 
E. M. F. from our considerations. 

Metal-Liquid Junction. 

We must from the preceding considerations seek the principal 
seat of the electromotive force of a cell at the metal-liquid junction. 
Indeed, independent of all speculation, we are driven to this conclusion 
at once in the case of a rather remarkable element consisting of silver 
electrodes immersed in normal solutions of silver nitrate and potas- 
sium cyanide, respectively, which has an electromotive force of over 
a volt. Here the P, D, at the silver-silver junction is necessarily zero, 
at the liquid-liquid junction a few hundredths of a volt at most, from 
which there remains no other .alternative than ascribing the very con- 
siderable E. M. F. of the element to the potential differences between 
the electrodes and the solutions. 

To explain now the development of electrical energy on bringing 
a metal in contact with a liquid, we must assume that no substance 
when brought into a liquid is absolutely insoluble. That such must 
be the case is a consequence both of the thermodynamical and of 
the kinetic theory of solutions. The solubility may be so small as 
to be quite beyond all chemical means of detection, yet nevertheless 
a definite solubility must be ascribed to every substance in every 
other under given conditions of temperature and pressure. When a 
substance is brought into a solvent not saturated with respect to it, 
solution at once takes place until the concentration of the variable 
phase, /. e.y the solution, reaches a perfectly definite amount, when 
solid substance and solution are in equilibrium with each other. If, on 
the other hand,, the solution into which the substance is brought is 



' For a complete treatment of the theory of liquid, concentration, and diffusion elements, 
see Ostwald, Lehrbuch, II, i, 831 (2d edition, 1893), and the original papers of Nernst, 
Zeitscbrift fiir physikalische Chemie, 4, 129, 1889; Planck, Annalen der Physik und Chemie, 
39, 161, 1890; ibid., 40, 561, 1S90; Negbauer, ibid., 44, 737, 1891. 
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supersaturated, precipitation takes place until, again, the same con- 
centration characteristic of the equilibrium between the substance 
and solution is reached. Exactly analogous considerations, of course, 
hold for the equilibrium of liquid and vapor. In other words, we 
may say that when equilibrium is established between a liquid and its. 
vapor or a solid and its saturated solution the condition energy of the 
one phase is held in equilibrium by the volume energy (either as 
ga3eous volume energy or osmotic energy) of the other. 

These considerations hold true whether the process of solution is 
a simple one, as is the case of many organic substances where the dis« 
solved substance goes into solution as molecules, or whether it is ac- 
companied by electrolytic dissociation, as in the case of the solution 
of acids, bases, and salts. In the latter case, however, there exists 
simultaneously with the equilibrium between solid substance and dis- 
solved molecules a second equilibrium between these latter and their 
dissociation products, the ions. These two conditions are formulated 
in Nemst's two laws of solubility effect, which wiP be discussed at 
length later on. 

As the condition of equilibrium between a substance which dis- 
sociates and its solution is more complicated than that of a simple 
molecular solution containing no ions, it is not astonishing that the 
condition of equilibrium between a metal and a liquid is still more 
complicated, for in this case a further peculiar condition must be ful- 
filled, namely, that, as far as we know, a metal can go into solution 
only as positively charged ions. 

With this condition in mind let us consider the equilibrium be- 
tween a metal and liquid a little nearer, and, in the first place, a case 
analogous to that of a substance brought into an unsaturated solution, 
e.g,<» zinc in a solution of a zinc salt. The salt is, of course, more or 
less dissociated into its ions according to the concentration of the 
solution. Let the partial osmotic pressure of the Zn-ions be denoted 
by /. As soon as the zinc is brought into this solution it begins to go 
into solution as positively charged ions. The exactly equal quantity of 
negative electricity which must necessarily be simultaneously set free 
remains on the zinc electrode, thus charging it negatively; in other 
words, a P, D, is instantly developed between electrode and solution. 
The negatively charged zinc now attracts electrostatically the posi- 
tively charged Zn-ions in the solution, thus forming a ** double layer,'* 
first described by Helmholtz, and this attractive force, acting in the 
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same direction as the osmotic pressure of the zinc ions, tends to 
prevent further solution of zinc. By Faraday's law each gram equiva- 
lent of an ion carries with it the enormous quantity of electricity of 
96,540 coulombs; hence the electrostatic attraction resulting from an 
exceedingly small, indeed unweighable, number of ions sent out from 
the zinc, very quickly becomes enormous. The equilibrium between 
zinc and solution will, in fact, on account of the enormous increase 
in the electrostatic attraction with increasing solution of metal, i, e,y 
formation of ions, be reached practically instantly, under which con- 
dition the intensity of the condition energy of the zinc tending to 
send Zn-ions into solution is exactly balanced by the sum of the 
osmotic and electrostatic opposing intensities in the solution. Anal- 
ogous to the solution pressure in the case of ordinary substances, 
we will call this intensity in the case of metals their electrolytic solu- 
tion pressure^ and will denote it by P, Hence "in the above case 

r 

where s denotes the number of ions sent out from the electrode to 
establish the equilibrium. The function /(j) is probably determined 
by the ordinary laws of electrostatics. 

Let us suppose now that the number of Zn-ions in the solution 
becomes greater and greater, i, e.y that / increases. Evidently the num- 
ber of ions which must be dissolved from the zinc to establish equilib- 
rium will become less and less, /. ^., the term/(j), and hence the P. D. 
between metal and liquid corresponding to it becomes smaller, both 
approaching simultaneously the value zero. This limiting case is evi- 
dently reached when / = P, in which case no zinc goes into solu- 
tion and no P, D, at the junction is developed. An analogous con- 
dition is that of a body brought into an exactly saturated solution. 
Here the condition for equilibrium is already fulfilled. In this limit- 
ing case the equilibrium between metal and solution is held solely by 
an opposing osmotic pressure, or, in other words, by volume energy. 
Electrical energy does not enter into consideration at all. We may 
consequently define the electrolytic solution pressure /* of a metal as 
equal to that opposing osmotic pressure which would reduce the P. D, 
between the metal in question and a solution to zero. 

Let us consider now a case in which/ > P^ e.g,y a copper or mer- 
cury electrode in a solution of one of its salts. This case is anal- 
ogous to that of a substance brought into a supersaturated solution. 
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Exactly as under such conditions solid substance is precipitated out 
of the solution until the osmotic pressure corresponding to the equi- 
librium condition is reached, so here when, e.g., copper is brought 
into a solution of copper sulphate some of the Cu-ions present pre- 
cipitate out as metallic copper. They do this by giving up their posi- 
tive charge to the electrode, which thereby becomes positively charged, 
while the solution on account of the excess of SO^-ions remaining in 
it becomes negatively charged. Thus a P. D, is again instantly de- 
veloped between metal and solution, but in this case in the opposite 
direction to that in the case of zinc — a fact long known from experi- 
ment. The immediate consequence of this P. D, is a repulsion be- 
tween the positively charged electrode and the positively charged 
Cu-ions, which repulsion acts against the osmotic pressure / in the 
solution. From considerations similar to those above it is evident 
that an exceedingly small precipitation of Cu-ions suffices to cause an 
electrostatic repulsion sufficient to establish equilibrium. In this case 

It follows, therefore, that if by any means the osmotic pressure p 
can be varied within sufficiently wide limits so that/ > P on the one 
hand, and p < P on the other, the P, D. between metal and liquid 
should be reversed. This theoretical consequence of our theory is, in 
fact, experimentally verified in the case of certain metals as, e.g,y mer- 
cury. Ostwald's approximate calculation of P for this metal gives the 
exceedingly small value of about lo ~^^ atmospheres. Mercury must, 
therefore {p > P), be positive in any mercury solution, as, in fact, ex- 
periment shows it to be. In a solution of potassium cyanide, how- 
ever, its potential becomes reversed, the electrode becoming negatively 
charged against the solution. The reason for this is clear, for in 
presence of potassium cyanide mercury salts form the complex salt 
KjHg (CN)^, which dissociates not into Hg-ions, but into K- and com- 
plex Hg(CN)4-ions. The action of the cyanide is, therefore, to with- 
draw the Hg-ions present from the solution, thus diminishing their 
osmotic pressure. This goes on, the P, D. gradually diminishing until 
when p < P the P, Z>. becomes reversed, the mercury then comport- 
ing itself like zinc or an electro-positive metal. It should here be 
especially noticed how small a number of ions suffices to determine 
definitely the P. D, between a metal and solution, a consequence 
of the enormous charges carried by the ions. 
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Having thus explained the process by which electrical energy may 
be conceived to be developed at the junction of a metal and liquid, it 
remains only to throw these ideas into mathematical form. It is evi- 
dent that we have to consider here an equilibrium between electrical 
and osmotic or volume energy. A displacement of the one, e.g.^ by 
changing the concentration of the solution, produces an equivalent 
change in the potential of the other. For equilibrium the algebraic 
sum of all changes in the system produced by any virtual displace- 
ment in the equilibrium must be zero. Hence the condition for equi- 
librium is 

n^to </jr = — vdp 

where «e is the valence of the metal in question, e^ the quantity of 
electricity carried by a gram-equivalent, dn the virtual change in the 
potential caused by a change dp in the partial osmotic pressure of 
the kathions, and v the volume in which one gram-equivalent of metal 
is dissolved. Let ir be the unknown P, D, between a metal M and a 
solution in which the partial osmotic pressure of the kathions is /. 
From our definition of /*„ we have seen that tt = o when / ^ P^ ; 
hence to find the actual /*. D, between metal and solution we have 
simply to integrate the above equation between the limits tt = o, 
TT = TT, and / = P^, P =^ P' The integration is easily performed by 
the aid of Boyle-van't Hoff's law of solutions 

Substituting v from this equation in the above we obtain 

Jo J P p 

or integrating 

«-= ^^ In ^. m 



We^o p 

To express tt in volts we have only to remember that R = 1.980 
cal., I cal. =4.19 X 10" ergs, and i volt = 10^ abs. units, therefore 

RT _ 1.980 X 4.19 X T _ 0.86O ^ X 10** volt 
Co 96540 

Hence 

TT = ^^ Tln^X KT* volt. (1^) 

This is the fundamental formula of the theory of the voltaic cell. 
It expresses the P, D, of any reversible electrode as defined on page 
330. 
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The E. M. F. of any constant element or number of elements con- 
nected in series is (neglecting the small P. D's at the liquid junctions) 
simply the sum of the values of tlie P, D.'s at the several metal-liquid 
junctions, each calculated by the above formula. Of the quantities 
P^ and / which enter into this formula we know as yet the value of 
the former only approximately. Ostwald, who first calculated its 
value for the more common metals, has drawn a number of inter- 
esting and important conclusions regarding it, for the details of 
which I must refer to his Lehrbucky Vol. II, i, 948. It may be 
mentioned, however, that the value of the electrolytic solution pres- 
sure of the different metals varies greatly, from about 10" atmos- 
pheres for zinc to lo*"^* atmospheres for mercury. It is for a 
given metal a characteristic constant, depending on the solvent with 
which the metal is in contact, as has been recently shown by Jones,^ 
and on the temperature and pressure. Its variation with the latter has 
not as yet been investigated. 

For our present purpose, however, we need not consider the value 
of P^ further, as in all the following experiments the elements or 
combination of elements are so chosen that P^ is eliminated from 
the expression for the total E. M. F. Thus the E. M. F. of an ele- 
ment formed of any two reversible electrodes of the same metal is 
given by the formula 

^ = ZT ('/^ ^ — /« :^^ + ,r', 

or 

where 7r' is the P, D, between the two liquids of the element. That 
tt' may, under certain circumstances, e.g,^ in certain concentration ele- 
ments in which acids are employed as electrolytes, have a very appre- 
ciable value should not be forgotten. But, as already stated, by proper 
choice of electrolytes and concentration of the solutions it may usually 
be reduced to 0.00 1 volt or less, in which case we can write 

The E. M. F. of a constant element with electrodes of the same 
metal depends, therefore, simply on the relative value of the partial 
osmotic pressure of the kathions at each electrode. If these two 



' Jones, Zeitschrift fiir physikalische Chemie, 14, 546, 1894. 
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quantities, or quantities proportional to them, can be found, the 
E. M. F. of the element can be calculated. Now, as osmotic pressure 
and concentration are proportional at constant temperature, we may 

take the ratio tL as the ratio of the concentration of the kathions 

at the two electrodes. The whole problem of the cell is thus reduced 
to finding the kathion concentration at the two electrodes of the cell. 

To calculate this for electrodes of the first kind we have in the 
numerous conductivity and freezing point determinations of electro- 
lytes all necessary data at hand. We have simply to multiply the con- 
centration of the solution by its dissociation to obtain the desired 
value of /. 

With electrodes of the second kind the problem is not quite so 
simple. Here we must apply Nernst's principles of solubility effect 
to calculate the number of kathions in solution. These two principles 
may be stated as follows : 

1. In a saturated solution of a partially dissociated substance the 
active mass of the non-dissociated part is a constant even when a sec- 
ond substance is present in the solution. 

2. The product of the active masses of the dissociation products 
of the substance with which the solution is saturated is also, under 
all conditions, a constant. 

These laws have been tested and verified by Nernst,^ and particu- 
larly by Noyes,^ by means of solubility experiments. The second law 
is of the greatest importance in the theory of the cell, electrodes of 
the second kind finding in it their complete explanation, as our experi- 
ments will show. For the simplest case, where both salts, the diflS- 
cultly soluble one with which the solution is saturated (1. ^., the depo- 
larizer) and the added one (the electrolyte), are both binary compounds 
and both contain an ion in common (we shall always choose this the 
anion), the above second principle may be expressed as follows : 

where m^ and a^ are the solubility and dissociation of the diflScultly 
soluble salt in water alone, m and a its solubility and dissociation in 
presence of an amount x of the soluble salt whose dissociation is a^ 



' Nernst, Zeitschrift fur physikalische Chemie, 4, 372, 1889. 
'Noyes, ibid-t 6, 241, 1S90; 9, 603, 1892. 



340 H, M, Goodwin. 

Hence to find the kathion concentration of a difficultly soluble salt in 
presence of a soluble one with identical anion, which evidently is noth- 
ing other than our problem of finding/ for an electrode of the second 
kind, we have only to solve the above equation for ma and . obtain 



a formula of which we shall make continual application. It is to be 
noticed that we have as yet in no way subjected the solubility of the 
depolarizer to any limitation. Our considerations hold for moderately 
soluble as well as very difficultly soluble depolarizers. Herein lies the 
greater generality of our theory over that originally stated by Nemst, 
the latter being applicable to the case of very slightly soluble (so- 
called insoluble) salts only. 

We have thus reduced the theory of the cell to a simple and cal- 
culable basis. The E. M. F. of any constant element with like elec- 
trodes is calculable when the ratio of the kathion concentration at the 
electrodes is known. For the general case, when the electrodes are 
of different metals, a further knowledge of the electrolytic * solution 
pressure of the metals, a perfectly definite constant capable of experi- 
mental determination, is alone necessary. We have now to see how 
far the theory here developed stands the test of experiment, for it 
is by this test alone that a theory must stand or fall. 

Experimental Investigation. 

As my purpose in the present paper is to present in as concise 
a form as possible the osmotic theory of the cell and the experimental 
evidence I have obtained in support of it, a detailed account of the 
experimental part of my investigation can find no place here. For 
details concerning the apparatus and method used, preparation and 
form of electrodes and cells, etc., I must therefore refer to the origi- 
nal article, Zeitschrift fiir physikalische Chemie, 13, 590. It may, how- 
ever, be here mentioned that the E. M. F. of all cells was measured 
by the well-known null method of PoggendorfF, in the special form 
described by Ostwald.^ As a measuring instrument I used an ex- 
ceedingly sensitive capillary electrometer,* indicating with certainty 



'Ostwald, Lehrbuch, 2d ed., II, i, 811. 

' Ostwald, Hand- und Hilfsbuch zur Auafiihrung physiko-chemischer Messungen, p. 246. 
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2lP,D, of 0.000 1 volt. All cells were measured in an Ostwald ther- 
mostat at 25*^. In all cases where the depolarizer was moderately 
soluble, e,g,y thallium chloride, the solutions were saturated with it 
by rotation in a thermostat at 25** before making up the cells. 

The chemicals used were either prepared by myself, or obtained 
from Kahlbaum and two or three times recrystallized. Special care 
was necessary in preparing the depolarizers. All solutions were made 
up to exactly 0.2 equivalent normal either by direct weighing, or, when 
this was impracticable, by analysis and subsequent dilution. 

In order to obtain constant results great care was necessary in 
the preparation of the electrodes. In all cases (except silver) the 
electrodes used were in the form of liquid amalgams, prepared by elec- • 
trolyzing a pure salt of the metal to be used as electrode over a pure 
mercury kathode. Where both electrodes are of the same metal, liquid 
amalgam possesses great advantages over solid electrodes, as exact 
uniformity of surface, a condition on which the P, D. to no small ex- 
tent depends, is easily obtainable with the former, but only with the 
greatest difficulty with the latter. Although, as is well known, the 
P, D, between an amalgam and solution depends to a small extent 
on the concentration of the amalgam, by making both electrodes from 
the same amalgam this ceases to be of effect, the E. M. F. being then 
quite independent of the absolute concentration. This I proved by 
special experiments. 

Silver cannot be .used as amalgam, as its electrolytic solution pres- 
sure is very nearly equal to or less than that of mercury. After many 
fruitless experiments I finally succeeded in preparing equivalent elec- 
trodes by depositing a coating of silver from a solution of silver cya- 
nide in potassium cyanide. Electrodes thus prepared when dipped in 
the same solution of silver nitrate gave against each other an E. M. F. 
of but o.oooi — 0.0002 volt. Conductivity measurements were made 
by the usual Kohlrausch method! at 25°. 

Experiments with Moderately Soluble Depolarizers. 

Thallium Chloride. 

In order to test the theory of electrodes of the second kind as 
developed in the preceding pages, it was necessary to extend the 
experiments to cells with moderately as well as very difficultly soluble 
depolarizers. We will first consider the most general and complicated 
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case, in which the depolarizer is relatively soluble in comparison with 
the concentration of the electrolyte. It is the establishment of the 
theory for this case which is of particular importance, as no experi- 
ments have to my knowledge been made in this direction. Of the 
salts which might be used as depolarizers, thallium chloride seemed 
the best suited for the present purpose, as 

Firsts thallium is a univalent metal, and the equilibrium between 
thallium chloride and the added soluble chloride is comparatively 
simple ; 

Second, the velocity of migration of thallium ions is practically the 
same as that of potassium and chlorine ions ; and 

Third, accurate determinations of the solubility of thallium chlo- 
ride in presence of different amounts of soluble chlorides have been 
made, furnishing valuable data for a check on our calculation. In 
order to make use of these data I used solutions exactly similar to those 
used by Noyes^ in his solubility experiments, namely, 0.2, o. i, 0.05, 
and 0.025 normal. 

The first series of experiments was made with cells of the follow- 
ing type : 



Tl 
sunalgaun. 



Saturated solution of 
TlCl in X KNOt. 



Saturated solution of 
TlCl in X KCl. 



Tl 
amalgam. 



The E. M. F. of this cell is (compare page 338) 



E = 0.860 Tin ^ X lO"* volt 



(4) 



where p^ and p^ are the partial osmotic pressures or concentrations of 
the Tl-ions in the potassium nitrate and potassium chloride solutions 
respectively. The P. D. at the junction of the two liquids must in this 
case be very small, as the velocity of migration of all ions in solution 
is very nearly equal (that of the NOg-ion is somewhat less than that 
of the others), and moreover the total concentration of both solutions 
is not very different, two conditions both tending to reduce the /*. D, 
between the solutions to a minimum. To calculate E from formula 
(4) it is only necessary to determine the values of p^ and p^. 

Now /i, the concentration of the Tl-ions in the potassium nitrate 
solution, may be assumed equal to the number of Tl-ions in a saturated 
aqueous solution ; for although the solubility of thallium chloride in 



' Noyts, Zeitschrift fur physikalische Chemie, g, 610, 1892. 
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potassium nitrate must be slightly increased, as Noyes has shown, 
yet, the nitrate and chloride being normally dissociated salts, the in- 
crease in solubility is due to the formation of thallium nitrate mole- 
cules, the number of ions in solution remaining practically constant. 
If this be true, the conductivity of a nitrate solution saturated with 
thallium chloride should be equal to the sum of the conductivities of 
a pure nitrate solution and of a saturated aqueous solution of thallium 
chloride. That this is the case the measurements given in the fol- 
lowing table clearly prove : 

TABLE I. 
Electrical Conductivity of TlCl and KNOs Solutions. (25°.) 



Concentration of 
added KNOk. 


Conductivity of 
Saturated Solution 

Tia. 


Conductivity of 
KNO,. 


Sum of the two. 


Conductivity 
of KNOasaturated 
withTia. 


0.1 

0.05 

0.025 


2.045 
. • • . 
• • • • 


11.171 

5.879 
3.047 


13.22 
7.924 
5.092 


13.23 
7.921 
5.095 



We may, therefore, put p^ = fn^a^^ where m^ is the solubility and a^ 
the dissociation of thallium chloride, in water alone. As this is inde- 
pendent of the concentration of the nitrate, which is always taken 
equal to the concentration of the potassium chloride solution, in order 
to keep the value of the P. D, of the liquid junction a minimum, the 

numerator of the fraction -Q is a constant. 

On the other hand, /j* ^^^ concentration of the Tl-ions in the potas- 
sium chloride solution increases with dilution of the added salt, and 
therefore the E. M. F. of the cell must diminish, p^ is to be calcu- 
lated by the formula 



/a = «« = 1 



{V '"» 



+ 4 



moao 



— xai I , 



where the letters have the same significance as on page 339. We 
have here two possibilities open to us. If, as in our experiments, the 
value of w, the solubility of the depolarizer in presence of the added 
salt, has been experimentally determined, and a^ its dissociation, can 
by any means be calculated, we have simply to take p^ = ma in our 
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calculation. Such solubility determinations are, however, in general 
wanting, in which case we must calculate p^ by the solubility princi- 
ple itself. I have shown in another place that for most practical 
purposes we may assume for a^ the value of the dissociation of the 
added salt (concentration x) in water alone, as calculated from con- 
ductivity or freezing point measurements, although, strictly speaking, 
«i is its dissociation in presence of the difficultly soluble salt.^ 

The values of a used in the following calculations are the means of 
results obtained by three independent methods of calculation.' The 
Value of m^ and nt are the mean of Noyes' measurements of the 
solubility of thallium chloride in potassium and sodium chloride ; a^ is 
taken equal to 91.3, the most probable value obtained from conduc- 
tivity and electrometric measurements, and ^j is calculated both from 
Kohlrausch's measurements of the conductivity and from Jones' * meas- 
urements of the freezing point of potassium chloride solutions. 

In the following table are the experimental and calculated results 
on cells with potassium nitrate and potassium chloride as electrolytes, 
as well as on exactly similar ones with the potassium replaced by the 
corresponding sodium salts. 

TABLE II. 
£. M. F. of cells of type I. TlCl as depolarizer. (25®.) 




o 



I* 

|5s 



li 



^1^ e 



s 



H 






0.2 



0.1 



0.05 



0.025 



0.0591 
0.0588 

0.0443 
0.0442 
0.0442 

0.0302 
0.0300 

0.0179 
0.0175 



0.0586 
a0589 

0.0439 
0.0437 



0.0298 
0.0298 

0.0181 
0.0180 



0.0589 
0.0440 

0.0299 
0.0179 



0.0614 
0.0452 

0.0305 
0.0182 



0.0623 
a0459 

a0308 
0.0183 



0.0619 
a0453 

0.0301 
0.0178 



' For a discussion of this point, see Zeitschrift fiir physikalische Chemie, 13, 607, 1894. 
■Ibid., 13,613, 1894. 
•Jones, ibid., xx, no, 1893. 
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In the last three columns are the calculated values of E. I have 
given the results obtained by using in the calculation of p^ values of 
a-^y from both freezing point and conductivity measurements, to show 
the effect of the uncertainty with which we know the value of the 
dissociation of the added salt on the result. A glance at the last two 
columns shows this amount to be about 0.0005 volt. 

A comparison of the observed values of E with those calculated 
shows an agreement which must be regarded as satisfactory. The 
deviations all lie in the direction to be expected from neglecting the 
possible P, D, at the junction of the electrolytes, and in assuming 
in the calculation of /, ^^^^ ^1 ^^ ^^^ same as the dissociation of 
the added salt in water alone. When one considers the apparently 
remote connection which the laws of solubility effect, osmotic pres- 
sure, and mass action, etc., have with electromotive force, the agree- 
ment found in the above table is certainly striking. 

It is to be noticed that the predicted decrease of E with increasing- 
dilution is completely verified ; further, that replacement of potassium 
by sodium has no effect whatever on the E. M. F. — a necessary conse- 
quence of the theory, as the diminution of the solubility of thallium 
chloride by all univalent chlorides is the same. 



Zinc Chloride and Cadmium Chloride as Electrolytes. 

It was further shown by Noyes* solubility experiments that not 
only do all univalent chlorides diminish the solubility of thallium chlo- 
ride by the same amount, but also that all bivalent chlorides likewise 
diminish it by a constant though slightly less amount. Cadmium 
chloride forms a remarkable exceptjon ; addition of this salt dimin- 
ishes the solubility of thallium chloride only about half as much as 
does zinc and other bivalent chlorides. Hence, if our theory of the^ 
cell is correct, replacement of the sodium and potassium salts in the 
preceding experiments by equivalent solutions of zinc salts should 
have the effect of only very slightly diminishing the E. M. F. of the 
cells. On the other hand, replacement by cadmium salts should 
diminish the E. M. F. by a very considerable amount. 

That the first of these conclusions is completely confirmed by 
experiment is seen from the following table. 
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TABLE III. 
E. M. F. of Tl, TlCl in Zn(N0s)8, TlCl in ZnCU, Tl cells. (25^) 



Concentration of the Zn(NOa)i 
and ZnCls. 


Observed E. M. F. 


Mean of Observed £. M. F. of 
KCl and NaO cells. 


0.2 

0.1 

0.05 
0.025 


0.0571 
0.0425 
0.0290 
0.0179 


0.0589 
0.0440 
0.0299 
0.0179 



The E. M. F. is slightly less than that of the preceding cells, espe- 
cially in case of the more concentrated ones. That the difference be- 
comes less and less with increasing dilution is due to the fact that the 
dissociation of the bivalent chlorides more and more nearly approaches 
that of the univalent chlorides as the concentration decreases.. It is 
to be noticed that the nature and valence of the soluble kathions, /. ^., 
the Zn-ions, has no influence whatsoever on the E. M. F. It is the con- 
centration and valence of the kathions of the metal used as electrodes 
alone which affect the E. M. F. of the cell. 

The results with cadmium salts are especially interesting. As 
already stated, I expected a considerable diminution of the E. M. F. 
on account of the increased solubility, and hence concentration /g, of 
the Tl-ions in the chloride solution. Repeated measurements gave, 
however, always an increase, as is evident from a comparison of the 
following and preceding tables : 



TABLE IV. 
Tl, TlCl in Cd(N08)2, TlCl in CdClj, Tl. (25°.) 



Concentradon. 


o.a 


O.l 


0.05 


E. M. F. observed .... 


0.0646 


0.0488 


0.0327 



The cause of this apparent discrepancy between theory and ex- 
periment is not far to seek. It lies in the cadmium nitrate solution. 
We have assumed here, as in our previous experiments, that the con- 
centration of the Tl-ions in the nitrate solution is essentially the same 
as in an aqueous solution, the reason being in the normal dissociation 
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of all salts iformed in the solution. Now, in the above cadmium nitrate 
solution this condition no longer holds. Of the four salts formed in 
solution, thallium chloride, thallium nitrate, and cadmium nitrate are 
normally dissociated, while cadmium chloride is abnormally little dis- 
sociated. The consequence is that if thallium chloride is dissolved 
in cadmium nitrate the Cd-ions immediately unite with the Cl-ions to 
form undissociated cadmium chloride, thus causing a diminution of 
the Cl-ions. As, however, the product Tl-X Cl-ions must remain con- 
stant, more thallium chloride must go into solution in order to com- 
pensate for this diminution of Cl-ions. The result is an increase in 
the solubility of thallium chloride and a large preponderance of Tl- 
over Cl-ions. This increase in the solubility is very considerable. 
In a 0.2 normal solution the solubility is nearly twice as great as it is 
in water. A similar abnormal increase in the solubility of this salt 
was observed by Noyes in a cadmium sulphate solution. 

With this fact in mind the explanation of the above results 
is clear. The increase in the number of Tl-ions in the cadmium 
chloride solution is more than compensated by a still greater increase 

in the nitrate solution. The ratio ^ is, therefore, greater ; hence, 

also, the E. M. F. If this explanation be correct, then a cell formed of 
a saturated solution of thallium chloride in cadmium nitrate and in 
zinc nitrate should give an E. M. F., the electrode in the cadmium 
solution being positive. Experiment fully verifies this prediction, as 
the following figures show : 



TABLE V. 
Tl, TlCl in Cd(NO,)2, TlCl in Zn(N08)s, Tl. 



ConcentiatioD. 


o.a 


0.1 


0.05 


£. M. F. observed .... 


0.0142 


0.0102 


0.0072 



The E. M. F. decreases with increasing dilution, as the solubility 
of the thallium chloride in cadmium nitrate does likewise, while it 
is practically independent of the concentration of the zinc nitrate. 
Again, a cell formed with the two chloride solutions should give an 
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E. M. F., the cadmium solution being positive against the zinc solu- 
tion, a conclusion likewise verified by experiment, as the following 
table shows : 

TABLE VI. 
n, TlCl in CdCla, TlCl in ZnCla, Tl (25°). 



Concentration. 


o.a 


O.I 


0.05 


E. M. F. observed .... 


0.0081 


0.0047 


0.0039 



By the aid of the data in the last two tables we can check our pre- 
vious results on the Cd(N08)a CdClj cells. For if pznci^ Pca^o^ ^^c, 
be the concentration of the Tl-ions in the zinc chloride, cadmium 
nitrate, etc., solutions, then 



PznClt PZfidNO^ 



r /^ Pcdcw — Cln ^cAifo^ 

PznClt PcdClt 



where the value of the first term is given in Table III, that of the 
second in Table V, that of the third in Table VI, and that of the last 
in Table IV. Introducing numerical values we have : 





TABLE VII. 




Concentration. 


£. M. F. Calculated. 


£. BLm F. Obeerved. 


0.2 


0.0571 + 0.0142 — 0.0081 = 0.0632 


0.0646 


0.1 


0.0425 + 0.0102 — 0.0047 = 0.0480 


0.04J8 


0.05 


0.0290 + 0.0072 — 0.0039 = 0.0323 


0.0327 



Considering that the value of the E. M. F. at the junction of the 
electrolytes has been neglected throughout, the agreement is very sat- 
isfactory and confirms our explanation of the above abnormal E. M. F. 
completely. The above furnishes a pretty example of an apparent 
discrepancy between experiment and theory which the dissociation 
theory completely explains, affording thereby far more convincing evi- 
dence in favor of the theory than a predicted agreement could have 
done. 



^ C Bs= constant. 
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Silver Bromate as Depolarizer. 

As further proof of the applicability of our theory to electrodes 
with moderately soluble depolarizers, I give the* following results on 
a couple of elements in which silver and silver bromate were used as 
electrodes and depolarizer. The cells were of exactly the same type 
as those already considered, namely, silver electrodes in saturated solu- 
tions of silver bromate in potassium nitrate, and in potassium bromate 
respectively. The E. M. F. was calculated as before. The solubility 
Wq of silver bromate is, according to Noyes, 0.00810. I determined 
its dissociation by conductivity measurements, and found it to be 
^1^ = 94.9. The values of a^ for potassium bromate I likewise found 
to be 83.0 and 87.7 for o. i and 0.05 normal solutions respectively. 
This gives us all data necessary for calculating - the E. M. F by for- 
mula (3), where, as before, /^ -=- m^a^^ and /j ^s determined from the 
equation on page 340. 

table viii. 

E. M. F. of Ag, AgBrOt in KNO,, AgBrOs in KBrOg, Ag. (25°.) 



Concentration of KBrOs 
and KNO,. 


Observed £. M. F. 


C^culated E. M. F. 


0.1 
0.05 


0.0620 
0.0471 


0.0612 
0.0454 



The agreement must be regarded as satisfactory. The deviations 
lie in the direction to be expected from neglect of the P, D, at the 
liquid junction, due to the unequal velocities of migration of the BrOg- 
and NOg-ions, which, it is easy to see, adds itself to that of the elec- 
trodes. The experimental error was somewhat greater here than with 
the thallium cells, great difficulty being encountered in obtaining ex- 
actly equivalent silver electrodes. 

« 

Having thus demonstrated the applicability of our theory of elec- 
trodes of the second kind to depolarizers of moderate solubility, let 
us now consider what modification or simplification it admits of when 
applied to very difficultly soluble depolarizers. It was to this cas6 
alone that Nernst's original theory, in which the anions were regarded 
as the active factor in determining the P, D.^ applied, and the agree- 
ment found both by himself and others between formulae deduced on 
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this assumption and experiment makes it of especial importance for 
us to apply the theory here developed to this same case. We 
shall see that the formulae previously obtained by Nemst are simply 
special cases of those already deduced in the preceding pages. 

Experiments with Difficultly Soluble Depolarizers. 

Theory. 

A cell much used in practice on account of its constancy is the 
well-known calomel element of v. Helmholtz. This consists of zinc in 
zinc chloride on the one hand, and mercury covered with a layer of 
calomel in the same electrolyte on the other, or, according to our 
definitions, of an electrode of the first and one of the second kincL 
All elements of this type may be expressed by the following scheme : 

jk^i \ jt^iA \ ^'^ (difficultly soluble salt) i x^, 
^' I ^'^ I in V^ (soluble salt) | ^'' 

and their electromotive force computed by the general formula 

in which ^^ and n^ are the valences of the metals M^ and J/" respec- 
tively. Unfortunately, owing to our present meager knowledge of the 
absolute value of the electrolytic solution pressure of the different 
metals, the validity of this formula cannot be tested experimentally. 
Such a test is, however, practicable when we consider. two similar 
cells of different concentration connected in opposition. In this case 
the observed electromotive force is the difference between the electro- 
motive force of each separate cell, i, e,y 

^ = 0.860 r j-L /« ^ - i- InJ^ - JL In-^ + J_ /« J^!!' i IQ-* volt, 

« «1 /2 «« P" «1 Pi fii P' * 



or 



^ = 0.860 r { J- /» ^ + i /» ^1 10-* vol, (6) 

where p^ and p^ are the partial osmotic pressures (or concentrations) 
of the J/'-ions, /' and /" of the J/"-ions in the first and second cell 

respectively. The ratio ^ refers, therefore, to the electrodes of 

/a 

the first kind alone, while J-^ refers to the electrodes of the second 
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kind. By this combination of two cells the electrolytic solution pres- 
sure of the different electrodes is eliminated, and there remains in the 
formula for the resulting E. M. F. only quantities which are either 

known or easily calculated. Thus the ratio ^^ of the kathion con- 

centration of the soluble salt M'A in the two solutions is given 
directly by the ratio of their electrical conductivities. On the other 
hand, /' and /" must in general be separately calculated by the sec- 
ond law of solubility effect. When, however, the depolarizer M"A 
is very difficultly soluble, or, more precisely, when its solubility is 
negligible in comparison with the concentration of the soluble salt 
M'A, the calculation of the ratio of the kathion concentration at the 
electrodes of the second kind becomes greatly simplified. For this 
special case the general formula (6) may always be reduced to a 
much simpler form. 

•Let us consider, for example, two calomel elements connected in 
opposition. As zinc is bivalent and mercury (in HgCl) univalent, 
general formula (6) becomes in this case 

E = 0.860 t[\Ih h J^ ln^\ lO"* volt. ^7) 

As the solubility s of calomel at ordinary temperatures is only 
about 0.000013 normal, we can assume its dissociation at this ex- 
treme dilution to be practically complete. If /^ is the concentration of 
the Zn-ions in the more concentrated solution, and therefore 2/1 the 
concentration of the Cl-ions, then /', the concentration of the Hg-ions> 
by the second solubility principle, will be determined by the equation 

P' (/' + 2/1) = s^ 
which is the simplified form the general solubility formula assumes 
under the above conditions. As /' is evidently negligible in compari- 
son with /i, we obtain the very simple expression for /', 

^ 2/1 
Similarly we have for /" the concentration of the Hg-ions in the 
diluter solution 

whence 

That is, if two calomel elements are connected in opposition^ then 
the ratio of the coticentration of the Hg-ions in the first to that in the 
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second is the same as the ratio of the concentration of the Zn-ions in 
the second to that in the first. This proportionality holds true as long 
as the solubility of the calomel is negligible in comparison with the 
concentration of the zinc chloride ; it is tlierefore to be regarded only 
as a limiting case. 

Substituting -^-1 for ^—. in (7), we obtain at once the very simple 

A P , 
formula 



£• = 4- X 0.860 Tin tl X 10''* volt. 
2 pi 



(8) 



This formula agrees completely with that deduced by Nernst for 
the same combination of elements, on the assumption that the P. D, 
of electrodes of the second kind is determined by the concentration 
of the anions and an electrolytic solution pressure characteristic of 
the depolarizer similar to that which we have assumed for metals. 
Our theory leads, therefore, to results in no way contradictory to 
those formerly deduced by the originator of the theory. It is to 
be regarded rather as a generalization of the older view, all cases 
like the above, in which the depolarizer belongs to the class of 
so-called insoluble salts, being only limiting cases of a general theory 
applicable to depolarizers of all solubilities. The two views are, how- 
ever, in one respect fundamentally different, for according to Nernst it 
is the anions which primarily determine the P. D., while according to 
Ostwald it is the kathions. It is to be noticed that according to the 
latter view all reversible electrodes are fundamentally the same. 

Formula (8) may also be directly deduced (on the assumption that 
the zinc chloride is completely dissociated) by the principle of virtual 
energy — a method already used by Ostwald in his treatise on electro- 
chemistry. I give this second proof also, as it is important to see 
how quite independent considerations lead to the same final result. 
Let us consider the two calomel elements connected in opposition 
as a system in which electrical energy and volume energy are in 
equilibrium with each other. Let the total osmotic pressure in the 
first (more concentrated) zinc chloride solution be/j, and in the sec- 
ond p^ ; further, let us suppose the amount of zinc chloride so great 
that no appreciable change of its concentration is caused by the 
flow of a very small quantity of electricity through the system. If 
now the circuit be supposed closed just long enough to allow a quan- 
tity of electricity 2eQ to flow through the system, one molecule of 
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zinc will be dissolved in the diluter solution, while one molecule will 
be separated out in the more concentrated solution, or, ii^ other words, 
one molecule of zinc chloride will be carried electrometrically from the 
more concentrated to the diluter solution. The maximum amount of 
work to be obtained by this process is evidently 



-X 



vdp, 
Px 



In this expression Vy which represents the volume of solution 
occupied by one gram molecule of zinc chloride, is determined by 
van't Hoff*s equation, 

pv ^ iR T, 

Substituting the value of v from this equation in the above ex- 
pression for the volume energy, we obtain 

Jp, P 

This must be equal to the corresponding electrical energy, i.e,^ 
ze^Ey where E is the electromotive force of the system. 
Hence 



e^E ^-^ RT C 

Jp 






' / 



When the solutions are so dilute that the zinc chloride can be 
regarded as completely dissociated, / = 3, under which condition the 
integration of the right side of the above equation is at once possible, 
and we obtain 

ZeoE =^ ZRTlntL, 

P% 

or 

E^hJ^ln £L, (9) 

2 ^0 p2 ^ ' 

It is to be especially noticed in this expression for the electro- 
motive force that/i and/j refer not to the partial osmotic pressure 
of the kathions, as in formula (8), but to the total osmotic pressure in 
the two solutions. As, however, the formula holds only for the spe- 
cial case that the zinc chloride is completely dissociated, the ratio of 
the total osmotic pressure and of the partial osmotic pressure of the 
kathions in the two solutions is the same ; hence for this case (9) 
and (8) agree completely with each other. When, on the other hand. 
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s 

the assumption of complete dissociation is inadmissible the above 
method cannot be well applied. In this case the integration of the 
expression for the osmotic energy is not easy to carry out, as the 
value of i as a function of / is not simple. Still less is it applicable 
to elements with relatively soluble depolarizers. On the other hand, 
my deduction of formula (7) and (8), in which simply the sum of the 
potential differences at the various heterogeneous junctions of the ele- 
ments are considered, is perfectly general, being equally applicable 
to partially dissociated electrolytes and to soluble depolarizers. 

The energy method when applicable has, however, one great 
advantage, namely, that it has only to do with the final changes 
produced in the cell. From a consideration of the above deduction 
of formula {9) it is clear that for the general case, where the zinc is 
replaced by a metal whose valence is n^^ the zinc chloride by a soluble 
salt of this metal which dissociates into «i parts, and the depolar- 
izer by any difficultly soluble salt with an anion in common with the 
soluble salt, the electromotive force will be given by the formula 

or 

E= a^ 0.860 Tin II. X 10~* volt (10) 

From this general formula it follows at once that the electro- 
motive force of two elements of the calomel or Clark type joined in 
opposition depends : 

First, on the relative and not on the absolute value of the kathion 
concentration at the electrodes of the first kind ; 

Second, on the valence of the electrodes of the first kind ; 

Third, on the number of parts into which the soluble salt (electro- 
lyte) dissociates. 

It is, on the other hand, wholly independent of the valence of 
the electrodes of the second kind and of the depolarizer. 

We will now show that the general formula (6) leads to the 
same results. That such is the case when «| = 3 and «e = 2 we 
have already seen in our consideration of the calomel elements. 
Suppose, however, the mercury and calomel in these elements to be 
replaced by a bivalent metal and its difficultly soluble chloride (unfor- 
tunately lead chloride is too soluble at ordinary temperatures to lend 
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itself to experiment). From the above considerations the electro- 
motive force should remain unchanged. By formula (6), however, 

E^Om^T \1 In iL + Lin ^' [ lO"* volt, (11) 

which at first sight does not agree with the corresponding formula (7) 

for calomel elements. It is, however, to be remembered that MClg 

dissociates according to the scheme 

il/ X c/ X cv = A 
Hence 

or, neglecting /' in comparison with /j. 

Similarly we obtain for /" 
and hence 

/' \ p%)' 

Substituting this value of ±-^ in (i i) gives at once formula (8), 

by which the independence of the electromotive force of the valence 
of the electrodes of the second kind is established as a consequence 
of (6) as well as of (10). 

The valence of the electrodes of the first kind exerts, however, 
a large influence on the E. M. F. Let us suppose the zinc and zinc 
chloride replaced by a univalent metal and its soluble chloride or 
bromide. In this case w^ = i and n^ = 2, hence by (10) 

-ff = 2 X 0860 Tin JUL X lo"* volt. (12) 

By (6), on the other hand, 

£ = 0860 T ^in iL+ln ^ | lo"* volt. (13) 

In this case /' is evidently to be calculated from the equilibrium 
equation 

or 

pi 
Hence 

p' a' 

which substituted in (13) gives (12). Again general formula (6) agrees 
with (10) completely. 
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Let us consider, finally, the influence of the number of parts into 
which the electrolyte dissociates from the point of view of formula 
(6). We will suppose the zinc chloride replaced by zinc sulphate, in 
which case «j = 2 instead of 3. Of course the depolarizer must in 
this case be a difficultly soluble sulphate. Two cases are here pos- 
sible, according as the electrode of the second kind is univalent or 
bivalent, e,g,y according as mercurous sulphate or lead sulphate is 
used as depolarizer. By (10) the E. M. F. should be the same in both 
cases and given by the formula 

E = a860 Tin IL X 10"^ volt (14) 

For the first case, when the electrode of the second kind is univ- 
alent, formula (6) becomes 

/ £ = 0.860 ^ I Y ^» ^ 4. /li ^ I X 10"* volt. (16) 

To calculate /' we have only to remember that Hg2S04 dissoci- 
ates according to the formula 

and that the concentration of the Zn- and SO^-ions is the same. 
Hence 

/' X/' X (/>'+/i) =/», 

from which we get for /' 



/ 



Consequently 



'-(^r- 



/' I /2 / * 

Substituting this in (15) we obtain (14), as was to be expected. 
For the second case, when the depolarizer is bivalent, 

E = 0.860 7- j -1 /« ^ + 1 IhJ!L \ X 10"" volt (16) 

Here, however, Pb X SO^ = ^ ; hence 

p' // 
which substituted in the above equation leads again to (14). 

We have thus shown that formulae (6) and (10) lead to identical 
results as long as we assume complete dissociation. Formulae (8) or 
(9), (12) and (14), hold, however, quite generally, even when this assump- 
tion is no longer admissible, as they are direct consequences of the 
general formula (6). In them it is to be borne in mind that p^ and 
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/j are to be taken as the partial osmotic pressures (or concentrations) 
of the kathions, and not as the total osmotic pressure of the solution. 
We may sum up the above results as follows : 

The electromotive force of two calomel elements connected in 
opposition is given by formula (8) and will remain unchanged when 

1. The mercury and calomel are replaced by silver and silver 
chloride respectively ; 

2. The zinc chloride is replaced by zinc bromide or iodide, in 
which case the depolarizer must be a difficultly soluble bromide or 
iodide ; 

3. The zinc chloride is replaced by cadmium chloride. 

4. It will, on the other hand, be increased by replacement of the 
zinc and zinc chloride by a univalent metal, e,g,y thallium and its 
chloride, the electromotive force being given by formula (12); and 

5. Diminished, by replacement of the zinc chloride by zinc sulphate. 
In this case a sulphate must be used as depolarizer, although it is 
immaterial whether it is of a univalent or bivalent metal, e,g.j whether 
it is HgjSO^ or PbSO^, the E. M. F. being given in either case by (14). 

6. If the solubility of the depolarizer is not negligible, then devi- 
ations from the above deduced Special formulae are to be expected, 
and in the direction that the calculated values are too large. The 
only formula applicable to such cases is the general one (6), in which 
/' and /" are each to be separately calculated by the second principle 
of solubility effect. Cells with thallium chloride as depolarizer should 
show such deviations from the special formulae. 

Experimental Test of the Theory.^ 

Let us now consider the experimental evidence obtained in sup- 
port of these conclusions. Measurements were made in a thermostat 
at 25°, so that all results are directly comparable. The concentra- 
tion of the electrolyte in the two opposed elements was always taken 
in the ratio of one to ten, and was varied from 0.2 to o.ooi normal. 
It is given in the first column of the following tables. In the sec- 
ond and third columns are the observed values of the E. M. F., each 
the mean of measurements on four combinations of cells. The cal- 
culated values are given in the last column of the tables. In the 



' For details regarding preparation and form of cells, etc., see Zeitschrift fiir physik- 
alische Chemie, 13, 629, 1894. 
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calculation of the E. M. F. by formulae (8), (12), and (14), the ratio 
±1. is always taken equal to — L, where k^ and k^ are the electrical 

conductivities of the respective solutions as determined by Kohlrausch. 
For convenience the elements will in what follows be designated sim- 
ply by their soluble salt and depolarizer, thus the two opposed calo- 
mel elements as ZnCl3-HgCl elements, etc. 

TABLE IX. 
E. M. F. of ZnClrHgCl and ZnClj-AgCl Elements. (25®). 



Concentration of ZnQf 


Observed E. M. F. of 
ZnClrHgCl cells. 


Observed E. M. F. of 
ZnOrAgCl cclU. 


E. M. F. calculated by 
formula (8). 


0.2 — 0.02 

0.1 — 0.01 

0.02 — 0.002 

0.01 — 0.001 


0.0785 
0.0789 

0.0810 
0.0790 

0.0847 
0.0839 

0.0845 
0.0877 


0.0765 
0.0770 

0.0779 
0.0782 

0.0S4O 
0.0845 

0.0844 
0.0850 


0.0797 

• 

0.0618 

0.0844 

• 0.0853 



In view of the experimental error, which, as is seen, amounted in 
the above experiments to o.ooi — 0.002 volt, the agreement is very 
satisfactory. Not only do the ZnCl2-HgCl and ZnCl^-AgCl elements 
agree throughout with each other, whereby conclusion i is verified, 
but also the agreement of both with the calculated values is good. 
It is to be noticed that the E. M. F. is not absolutely independent of 
the concentration of the zinc chloride ; it increases somewhat with 
increasing dilution. This is, however, in perfect agreement with the 
theory when the increasing dissociation of the zinc chloride (which 
increases from 69 per cent, at 0.2 to 96 per cent, at 0.00 1 normal) is 
taken into account. The calculated values show the effect of this 
increase clearly, and the good agreement between them and the ob- 
served values is striking proof that it is the partial osmotic pressure 
or concentration of the kathions and not the absolute concentration of 
the solution which is the effective factor in determining the electro- 
motive force. 

In Table X are the results of the measurements made to test 
conclusion 2. A second series on ZnBrj-AgBr cells was also carried 
out to further test conclusion i. These cells were very constant. 
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measurements extending over several day? showing variations of 
hardly o.ooi volt. In the calculation the dissociation of zinc bro- 
mide is assumed equal to that of the chloride, the conductivity of 
the bromide not having been determined. 

, TABLE X. 
E. M. F. of ZnBr2-HgBr and ZnBra-AgBr cells. (25°.) 



Concentration of ZnBr^. 



Observed £. M. F. of 
ZnBrr HgBr cells. 



Observed E M. F. of 
ZnErj- AgBr cells. 



E. M. F. calculated by 
formula (8). 



0.2 —0.02 
0.1 —0.01 
0.02 — 0.002 
0.01 — 0.001 



0.0797 
0.0789 

0.0795 
0.0820 

0.0863 
0.0856 

0.0866 
0.0859 



0.0793 
0.0802 
0.0852 
0.0858 



0.0797 
0.0818 
0.0844 
0.0853 



A glance at the table shows again a complete confirmation of 
conclusions i and 2. A comparison of the second and third columns 
with the corresponding ones in Table IX shows that the E. M. F. of 
all four different cells differs, on an average, scarcely o.ooi volt from 
the theoretical values. 

The experiments in which zinc was replaced by cadmium are es- 
pecially interesting. In the second column of Table XI are the 
observed values of the E. M. F. on CdClg-HgCl cells, each the mean 
of six or eight independent measurements. In the third column are 
the results of a second series of measurements on CdClg-AgCI cells, 
which were made in order to ascertain whether the disagreement 
observed with the CdClg-HgCl cells was due to experimental error 
or whether it was a real discrepancy between experiment and theory. 

TABLE XI. 
E. M. F. of CdCljrHgCl and CdCU-AgCl cells. (25°.) 



Concentration of CdCl^. 


Observed E. M. F. of 
CdClrHgCl cells. 


Observed E. M. F. of 
CdClrAgCl cells. 


£. M. F. calculated. 


0.2 —0.02 


0.0584 


0.0576 


0.0657 


0.1 —0.01 


0.0634 


0.0621 


0.0695 


0.02 — 0.002 


0.0747 


0.0760 


0.0771 


0.01 — 0.002 


0.0801 


0.0794 


0.0794 
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It was to be expected that the calculated values (column 4) would 
differ somewhat from those for zinc chloride cells, as cadmium chlo- 
ride is, as -is well known, abnormally dissociated. They are, in fact, 
throughout somewhat smaller. I did, however, expect an agreement 
between these values and the observed. This, however, was found 
only for the diluter solutions. The observed E. M. F. of the first two 
cells was much too small by about 0.008 volt, an an\ount far greater 
than the experimental error. Moreover, repeated measurements al- 
ways gave the same result and the CdCl2-AgCl cells showed the 
same deviations. 

The explanation of this seeming discrepancy is not far to seek. 
It lies in the fact that in relatively concentrated solutions cadmium 
chloride dissociates not only into Cd- and Cl-ions, but also into CdCl- 
ions. Now, the P. D. of the electrodes of the first kind is determined 
by the concentration of the Cd-ions alone, and of the electrodes 
of the second kind indirectly by that of. the Cl-ions, the CdCl-ions hav- 
ing no influence whatever on either electrode. The conductivity is, 
on the other hand, dependent on all three kinds of ions. When it 
is further borne in mind that with increasing dilution the dissocia- 
tion goes more and more completely over into three ions, and hence 
the electrical conductivity gives a more and more correct measure of 
the dissociation into Cd- and Cl-ions, a slight consideration will show 
that for concentrated solutions the E. M. F. as calculated above must 
of necessity be too high. For dilute solutions alone, in which a 
minimum number of CdCl-ions are present, is an agreement between 
calculation and observation to be expected. A glance at Table XI 
shows this to be the case. 

This conclusion regarding the nature of the dissociation of cad- 
mium chloride to which our E. M. F. measurements lead us is further 
confirmed by a comparison of the values of the dissociation calculated 
from conductivity and freezing point ^ measurements, which for con- 
centrated solutions differ widely. We have thus in E. M. F. measure- 
ments of reversible cells a selective method leading to a direct deter- 
mination of the concentration of particular ions, the kathions (and 
indirectly anions), in solution, a method which will doubtless find 
extensive application to various problems in the theory of solutions 
and chemical equilibrium. 



* See Zeitschrift fiir physikalische Chemie, 13, 633. 
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Returning now to the problem before us, let us consider the re- 
sults obtained by replacing zinc by a univalent metal by which the 
E. M. F. should by 4 (page 357) be increased. The only univalent metal 
which possesses a sufficiently soluble chloride, and which at the same 
time can be used as electrode, is thallium. For electrolytes I pre- 
pared a saturated solution of thallium chloride at 25°, which was then 
in part diluted to a half, a tenth, and a twentieth of its concentration. 
Calomel was used as depolarizer. The results are given in the fol- 
lowing table. The values given in the last column are calculated 
by formula (12), the dissociation of the four thallium solutions being 
taken as 91.3, 95, 98, and 100^. 



TABLE XII. 
E. M, p. of TlCl-HgCl cells. (ZS**.) 



Concentration of TIC 


Observed £. M. F. 


Calculated E. M. F. 


0.0161 — 0.00161 
0.008 — 0.0008 

0.0161 — aoo8 


0.102 
0.100 
0.0328 


0.114 
0.115 
0.033 



The E. M. F. is, as predicted, considerably greater than that ob- 
served with the corresponding zinc cells, having increased from about 
0.08 volt to o. 10 volt. The agreement with the calculated values is, 
however, only approximate, at least in the first two cases. The rea- 
son for this is, I believe, to be found in the fact that thallium de- 
composes water even in the cold to a slight extent, the result of 
which is that the concentration of the Tl-ions in the immediate 
neighborhood of the electrodes is greater than that in the solution 
as a whole. As the relative increase in the concentration of the 
Tl-ions would be greater in the diluter of the two solutions, the 
effect must be to slightly diminish the E. M. F. This explanation 
is borne out by the fact that these cells were very sensitive to the 
slightest jarring. The experimental error was for this reason much 
larger than in any of the preceding cells, amounting here to 0.003 — 
0.006 volt. That the E. M. F. of our previously investigated thallium 



' The last three values are estimated and are to be considered as only approximate. 
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cells was constant is explained by the fact that the solutions were 
saturated with thallium chloride, and hence (practically) for every 
molecule of thallium hydrate formed a molecule of thallium chloride 
separated out, the total concentration of the Tl-ions thus remaining 
unchanged. 

In the following table are the results obtained, showing the effect 
of the number of ions into which the electrolyte dissociates ori the 
E. M. F. Replacing zinc chloride by zinc sulphate, n-^ becomes 2 in- 
stead of 3, whereby the E. M. F. should be less than that observed 
in Tables IX, X, and XI. It should, moreover, be only one half that 
observed in the case of thallium chloride as electrolyte, for which 
^/i= I. These conclusions are fully confirmed by the measurements 
given in the following table. 

TABLE XIII. 
E. M. F. of ZnSOrPbSO* cells. (25° ) 



. J . 

Concentration of ZnS04. 


Observed E. M. F. 


Calculated E. M. F. 


0.2 — 0.02 

0.1 — 0.01 
0.02 — 0.002 


0.0421 
0.0433 

0.0436 
0.0445 

0.0519 
0.0525 


0.0453 
0.0471 
0.0500 



The agreement with the theoretical values calculated by (14) is 
also satisfactory. The experimental error amounted in this case to 
about 0.002 volt between individual cells. The E. M. F. did not 
become constant until about an hour after preparing the elements, 
due, doubtless, to the somewhat greater solubility of lead sulphate. 

As further proof of the independence of the E. M. F. of the 
depolarizer, I give two measurements on cells exactly similar to 
the preceding, with the lead and lead sulphate replated by mercury 
and mercurous sulphate, 1. e.y cells no other than the well-known 
Clark cells. Unfortunately, owing to the tendency of mercurous sul- 
phate to form basic salts, the E. M. F. of these cells proved very 
inconstant, falling off rapidly and irregularly. I give, therefore, only 
approximate values taken directly after setting up the cells and after 
twenty-four hours. 
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TABLE XIV. 
E. M. F. of ZnS04-Hg2S04 cells. (25°. ) 



Concentration of ZnS04. 


Observed £. M. F. 


CalcuUted E. M. F. 


0.2 — 0.02 
0.1 — 0.01 


0.047 — 0.034 

0.045 — 0.033 


0.045 
0.047 



The first values agree very well with the theoretical, showing them 
to represent the true E. M. F. of the cells before the depolarizer be- 
comes contaminated with basic salt, the formation of which is indicated 
by the depolarizer gradually turning yellow. It is clearly evident from 
the last two tables that the valence of the electrode of the second 
kind is without influence on the E. M. F., as our theory requires. 

In all cells thus far considered a salt has been chosen as depolar- 
izer whose solubility was negligible in comparison with the concen- 
tration of the electrolyte. Let us now see the effect on the electro- 
motive force when this condition no longer holds. Our theory re- 
quires, as stated in conclusion 6 (page 3 57), that the E. M. F. should 
be less than that calculated by the special formulae — that, in other 
words, these no longer hold, and we must go back to general formula 
(6) in order to calculate the E. M. F. of the cell. 

To test this conclusion I chose thallium chloride as depolarizer^ 
the solutions of zinc chloride being saturated with this salt previous 
to setting up the cells, as in the first experiments described in this 
paper. The cells corresponded exactly to the calomel cells already 
investigated, with the single difference that mercury was replaced by 
thallium. The E. M. F. was very constant. The results are given, 
in column 2 of the following table. 

TABLE XV. 
E. M. F. of ZnClj-TlCl cells. (25<».) 



Concentration of 
ZnCl,. 


Observed 
E. M. F. 


£. M. F., calcu- 
lated by (6). 






Sum. 


0.2 —0.02 


0.0679 


0.0797 


0.0266 


0.0431 


0.0697 


0.1 —0.01 


0.0615 


0.0818 


0.0272 


0.0348 


0.0620 


0.02 — 0.002 


0.0441 


0.0844 


0.0281 


0.0124 


0.0405 


0.01 — 0.001 


0.0339 


0.0853 


0.0284 


0.0066 


0.0350 
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A glance at columns 2 and 3 shows at once the predicted devia- 
tion between observed values and those calculated from special for- 
mula (8). The deviation is nearly 0.0 1 volt even for the most con- 
centrated solution, and increases rapidly with increasing dilution. 
This was a priori to be expected, for, as we have seen, the solubil- 
ity of the thallium chloride in a soluble chloride increases rapidly as 
the concentration of the latter diminishes, whereby the condition 
under which formula (8) was deduced, namely, that the solubility of 
the depolarizer is negligible, becomes less and less fulfilled. Let us 
see now if the general formula (6) leads to correct results. For the 
above case it takes the form 

2 ^0 /« ^0 /' 

In the fourth column is given the value of 

-L ^ In K 

2 fQ pi 

i, e,, that part of the total E. M. F. arising from the electrodes of the 
first kind. In the fifth column is given the value of 

that part of the E. M. F. due to the electrodes of the second kind. 
The quantities /' and /" are each calculated by formula (3), page 340, 
in which aQ=-gi,i and a^ equal to the dissociation of zinc chloride 
as calculated from Kohlrausch's conductivity measurements. 

The results are very significant. In the first place it is seen that 
that part of the E. M. F. arising from the electrodes of the first kind 
is practically independent of the concentration, while that arising 
from the electrodes of the second kind is directly dependent. More- 
over, it is easy to see that with increasing dilution this latter part 
rapidly approaches the limiting value zero, while with decreasing dilu- 
tion it approaches the value 

^ /« A = 0.0532 volt. 

The last column contains the sum of columns 4 and 5, which should 
be the true calculated value of the E. M. F., and, in fact, a comparison 
with column 2 shows an agreement wholly satisfactory. This last 
series of experiments furnishes a most striking confirmation of our 
theory ; not only are we able to predict when deviations from our 
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special formulae should occur, but also, and this is more important, 
we are able to calculate the exact amount of such deviations. 

It is interesting to investigate just what relation must hold be- 
tween the solubility of the depolarizer and the concentration of the 
electrolyte in order that our special formulae may be applicable. 
Let us consider the above case. 

Writing formula (8) for short 

E = Cln A, 

/a 

it is evident that an error hp in /^ or p^ will cause an error 

in the obser\''ed E. M. F. If now we assume the experimental error in 
-£■ to be A £■ = 0.00 1 volt, which, as we have seen, is about the mean 
error in the above experiments, and C = 0.0256 (its value at 25^), 
then the maximum allowable fractional error in / is equal to 0.039, 
or, in other words, an error in / which does not exceed 4 per cent, 
may be neglected. Let s be the solubility of the depolarizer and p 
the concentration of the soluble salt, which we will assume to be 
completely dissociated. If, as in the above case, the depolarizer is 
a binary salt, 

or, expanding by the Binomial theorem and simplifying, 

^ = 7 ( ' - 7 +   •  > 



If, therefore. 



f_ 2. 0.04, 



j2 

we may assume /' ^ — without introducing an error in E greater 

than 0.00 1 volt, and hence the special formulae are applicable. 

In the first (most concentrated) of the last considered ZnClg- 

TlCl cells, s = 0.016, p = 0.02, from which — -- = 0.6 : hence the 

p^ 

inapplicability of formula (8) was to be expected. 

A very pretty confirmation of the above conclusion is the follow- 
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ing. The solubility of thallium bromide I found to be 0.0020 normal 
at 25° ; hence  

JL = ^^^ = 0.01. 

Thallium bromide may, therefore, be regarded as a difficultly solu- 
ble depolarizer (/. ^., the special formulae are applicable) as loiig as 
the concentration of the soluble bromide in which it is dissolved is 
not much less 0.02 normal. If, therefore, the thallium chloride and 
zinc chloride in the last considered cell are replaced by thallium bro- 
mide and zinc bromide (0.2 — 0.02 normal), the same E. M. F. is to be 
expected as we have already found using calomel, mercurous bromide, 
silver chloride, and silver bromide as depolarizers, namely, 0.0799 volt. 
As a matter of fact, I actually found for this cell 0.0792 volt. 

Other experiments at once present themselves which might serve 
to further test our theory, but I think the above will suffice to estab- 
lish beyond a doubt its general applicability. The preceding experi- 
ments have been particularly chosen to establish the theory of elec- 
trodes of the second kind and the generality of the law that the P, Z>. 
between a metal and liquid is determined primarily by a characteristic 
constant of the metal and by the concentration of the kathions, be 
this great or exceedingly small. The P. D, of electrodes of the first 
and second kind is given by the same fundamental formula, the sole 
difference between them being in the method of calculation of the 
kathion concentration. This concentration for the former may be 
determined at once by any of the well-known methods of determin- 
ing electrolytic dissociation, /. ^., conductivity, freezing point meth- 
ods, etc., while to determine it for the latter Nernst's second principle 
of solubility effect must be applied. The anions, it will be seen, have 
no direct influence on the E. M. F. ; only in the case of electrodes of 
the second kind do they play a secondary rdle in determining accord- 
ing to the laws of mass action the concentration of the kathions. 
The E. M. F. of a reversible element may be said, therefore, to be 
independent of the anions.^ 

Rogers Laboratory of Physics, 
September^ i8g4. 



'Quite recently a very striking experimental proof of this conclusion, extending to 
twenty-three different anions, has appeared in a paper by Neumann, Zeitschrift fiir physik^ 
alische Chemie, 14, 193, 1894. 
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SUMMER INSTRUCTION AT THE INSTITUTE. 

From the foundation of the "School of Industrial Science," class- 
room and laboratory exercises have been abundantly supplemented by 
excursions for the examination of such material — mines, manufac- 
tories, buildings, geological formations — as could not otherwise be 
directly studied. Very early in the history of the Institute some of 
these excursions grew into summer schools, at first for visits to more 
or less remote mining regions, later for extended practice in civil 
engineering operations. The following account of last year's schools 
shows the present scope and character of this work, as well as its 
more recent developments. A summer school of Naval Architecture 
will be held for the first time this year. 

THE SUMMER SCHOOL OF TOPOGRAPHY, GEODESY, AND GEOLOGY. 

In June, 1 894, eighteen students from the third year class in Civil 
Engineering attended the optional summer course in surveying. The 
school was held in the northeastern section of the Adirondack region 
in New York, near Keeseville, the same locality that was found so 
admirably adapted to the fieldwork of the school the previous year. 

The instruction was under the charge of Professor Burton, Pro- 
fessor Porter, and Mr. Robbins, of the Civil Engineering Depart- 
ment, and Messrs. Nichols and Stose, of the Geological Department 
of the Institute. The only work of a geodetic character attempted 
this year was a series of experiments in base-line measurement. The 
apparatus used was not essentially different from that of the previous 
year, except that in place of the electrical device for determining the 
temperature of the tape a 100-meter brass tape was used, in conjunc- 
tion with the lOO-meter steel tape, and the temperatures of the tapes 
were determined from the different rates of expansion of the two 
metals, on the principle of the metallic thermometer. A novel feature 
of the work this year was the use of fhe apparatus at night. A series 
of four measurements of nearly a kilometer of the base line, two with 
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the brass and two with the steel tape was made at night between the 
hours of 1 1.30 P.M. and 4 a.m. The actual difference between the two 
measurements of the steel tape, after correcting for temperature, was 
but one seven hundred and fifty thousandth of the length of the line 
measured. The probable error derived from the comparison of all the 
different measurements made of the same line would place this part of 
the school work on a par with like measurements of base-lines made 
by the Missouri River Commission and the United States Coast and 
Geodetic Survey. The degree of precision attained was far greater 
than was necessary for the triangulation used in the topographical sur- 
i^ey of the surrounding region, and the reason for expending so much 
•care and time on this work was mainly for the purpose of instructing 
students in the methods of geodetic measurement. Every student 
entered into this work with enthusiasih. The singleness of purpose 
with which each man carried out his assigned duty, having a fixed 
determination to do his best, is worthy of much praise. 

The precise level lately purchased by the Institute was used in 
running a short line along the banks of the Au Sable River in order 
to determine the average fall of the river. 

The triangulation stations established the previous year were used 
in continuing the topographical work with the plane-table. The map, 
which is on the scale of 600 feet to the inch, with contours 10 feet 
apart, was extended over an additional area of sixteen hundred acres. 
The locality is peculiarly well adapted for instruction in plane-tabling, 
and the student here obtains a knowledge of topographical methods 
which it is utterly impossible to impart during the regular Institute 
courise in Boston. 

Soundings were taken in the south arm of Auger Lake, thus com- 
pleting the hydrographic survey of the bottom of this lake begun the 
previous year. 

The hydraulic fieldwork of the school consisted in the measure- 
ment of the discharge of the Au Sable River at two different points, 
and of the discharge of a mill-flume at Keeseville. The measure- 
ments were made by means of floats and current meters. The use of 
the Darcy tube was made for the first time this year. The Ritchie- 
Haskell meter was rated by rowing between fixed points on the lake. 

The principal feature of the geological fieldwork was the con- 
struction of a geological profile eight miles long, from the western 
bank of the Au Sable River to the shore of Lake Champlain, the line 
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running in a general direction of South 70° East. Distances and ele- 
vations along this line were determined by the use of the transit and 
stadia. Two independent lines were run side by side over the whole 
distance, thus furnishing a satisfactory check of the measurements 
at the close of the work. After plotting this work to scale, the geo- 
logical features were studied in the field and properly located on the 
paper, under the direction of the instructors in geology. In addition 
to the construction of this section, which in itself is especially inter- 
esting on account of the many lake and river terraces included in the 
district, the geological fieldwork included many interesting excursions 
in search of minerals and fossils to mines, quarries, and the famous 
Au Sable chasm. 

Although the weather was by no means uniformly favorable to 
the work during the month of June, yet there were few interruptions 
in the prearranged programme, and the total amount accomplished 
exceeded that of the previous year. The health of the party was gen- 
erally good, and a spirit of cheerfulness and satisfaction seemed to 
prevail. 

In conclusion it may be well to say that a pleasant feature of our 
half holiday was a well-earned victory of our baseball players over 
the local talent of Keeseville. 



THE SUMMER SCHOOL OF MINING. 

The Summer School of Mines for the students in Mining Engin- 
eering at the Institute of Technology was held in 1894 in Nova 
Scotia and Cape Breton, and, according to the usual general plan, in- 
cluded the four main divisions of mine work, namely, underground 
and surface work, and surveying above and below ground. One week 
was spent at the mines of the West Waverly Gold Mining Company, 
of Nova Scotia. The students received their general introduction to 
mining, milling, and surveying. The freedom of the mine and works 
was given to the party, and many valuable points were picked up by 
the members, thanks to the generous hospitality of Mr. Hardman, the 
general manager. 

Three weeks were spent in Cape Breton, where the students 
were the guests of the Dominion Coal CoYnpany, of which the Hon. 
David Mackeen is general manager. The party was here divided to 
gain the best results, one squad going with Prof. H. O. H of man and 
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Mr. J. P. Lyon, for underground work of all kinds, to the Gowry Col- 
liery, of Cow Bay, of which Mr. A. M. Evans is superintendent ; the 
other camping out with Professor Richards near the Victoria mines, of 
which Mr. T. J. Brown is superintendent. 

The Dominion Coal Company had a problem to solve in regard to 
which there has been some controversy, namely — Is the Mullins coal 
seam on Sydney Harbor the same as the Lingan seam of Indian Bay ? 
Messrs. Robb and Fletcher, of the Canadian Geological Survey, as 
well as Mr. Brown, claimed that these were not identical, while some 
local mining men claimed that they were the same. This problem 
looked full of difficult points to be determined, and was, therefore, so 
attractive that it was undertaken, although much too extensive for the 
short time that could be given to it. From the data obtained, the 
accompanying map was made as a contribution towards the solution 
of this problem. 

In the survey, the members of the party worked in pairs, and only 
such work as gave evidence of being correct was accepted for the 
map. The error referred to at Station 17, which crept in in spite of 
watchfulness, was due to a misuse of one of the instruments, whereby 
three miles of map, from Station 17 to 33, had to be condemned. 
Later, when this work was repeated, it was found that some small 
boys had removed all the stakes, and, unfortunately, the map had not 
quite enough secondary check points to make good the loss. The 
error, however, affects the computations to a small degree only. 

The thickness of the coal seams was measured by foot-rule ; that 
of the rock strata determined by measuring the distance upon the 
map at right angles to the strike between the important rocks, and 
multiplying this by the sine of the angle of dip. By this method 
a complete section of coal and rock thickness was obtained for the 
Victoria shore on the south side of the entrance to Sydney Harbor, 
from the Mullins seam to Low Point Light as far as the exposures 
could be seen, and also a second section on the Atlantic shore from 
Low Point Light around into Indian Bay. These two sections will 
be found drawn to scale, side by side upon the map. The coal seams 
are plotted in, according to the position of the seam at high water 
level. For example, the place given on the map for a seam on a hill 
will be to the north of the point on the ground, since the coal dips 
that way. 

The standard line of reference for the outcrops of the coal seam 
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was the Ross or David's Head seam. This seam has been thoroughly 
proved, and for placing it on the map, the Victoria shore outcrop, the 
old and new Victoria mines, the Barasois Brook outcrop, the Ellwood, 
Ribby, and Grace farms, and the David's Head shore outcrop were 
available. Using this line as a basis, the other seams were drawn ap- 
proximately parallel to it, widening the space when the dip was light, 
narrowing it when the dip was heavy, the outcrops on the shore, etc., 
being used as starting points from which to draw the lines. 

In regard to the Lingan seam there were but two locations made, 
that in Indian Bay and that in Barasois Brook. The assumption that 
the Hugh McGilvary seam and the little one below it on the Victoria 
shore correspond to the Lingan seam is based, first, upon the fact that 
the Lingan seam has a clay parting in it, widening rapidly toward the 
west ; and, secondly, that the Hugh McGilvary seam does not seem 
large enough to correspond alone to the Lingan. With this assump- 
tion, the Victoria section and Lingan section agree very well both as 
to their larger and smaller seams. 

The MuUins seam was located at two points — one on the shore, 
one on the hill about a mile away. The remarkable change of dip, 
from 35° on the shore to io° on the hill, makes it impossible to pre- 
dict where the high water line on this seam will be. The assumption 
is made that the average of 10° and 35° will be the dip at the shaft on 
the hill, and the high water line level is drawn accordingly. 

In regard to the problem to be solved, namely — Are the Lingan 
and MuUins seams identical } we know, first, that the Lingan seam plots 
all right to the Hugh McGilvary seani ; secondly, that under the Lin- 
gan seam there are a few little seams, including one of about 2\ feet 
of coal, which correspond to a similar group under the Hugh McGilvary 
seam ; and, thirdly, under both groups there is a very thick bed 
of shaly sandstone. This was measured on the Victoria side to be 
1,018 feet thick; on the Lingan side no measure could be made f.or 
lack of time, but the logic of the situation is quite clear. If the 
Lingan section agrees' substantially with the Victoria section down 
to the Lingan seam, is it not probable that it will continue to do so, 
making the layer of sandy shale on the Lingan section as thick as its 
counterpart on the Victoria section } 

Now, the Paddy Ryan seam, which is some three miles inland from 
the Lingan shore outcrop, may very well be the eastern counterpart 
of the Mullins seam, for the sandy shale, which is only about three 
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fourths of a mile from foot to hanging wall on the Victoria shore, 
where its dip is 35°, could, with no more thickness of strata, cover 
the distance of three miles at a dip varying from 13^, which it is at 
Lingan, to 2°, which is reported for Paddy Ryan seam, the exact dip 
required for a stratum 1,018 feet thick to cover three miles being 
3° 41'. It may be said, then, that all the data obtained point towards 
the Paddy Ryan and Mullins seams being identical, while it is clearly 
proved that the Lingan is not the same as the Mullins. 

Among the valuable experiences gained by the mining students in 
the Summer Schools of Mines, this experience in working out strati- 
graphical problems of veins and seams ranks very high. It gives him 
the practice in predicting where to look for ore and coal deposits, 
which is an important part of a mining engineer's duties. The expe- 
rience in plane-table surveying is a great help to the students in two 
ways : it gives the student in the general mining course this handy, 
rapid method of making a map — for which the Institute course can- 
not provide — and it is of special value to the metallurgical student, 
because he here gains the principles of surveying, which are of neces- 
sity omitted from his course. 

The party met with the warmest and kindest reception from the 
officers of the Dominion Coal Company, among whom should be espe- 
cially mentioned Messrs. David Mackeen, J. W. Revere, J. S. McLen- 
nan, T J. Brown, and A. M. Evans. Every facility was afforded to 
the party, although the company was hampered at the time by the 
construction of its new works. 



THE SUMMER SCHOOL OF ARCHITECTURE. 

Among European architectural clubs and associations the custom 
of spending a part of each season in short excursions to different 
towns and buildings of historical and architectural interest has been 
adopted for many years. Arranged necessarily in the summer months, 
these trips afford a most welcome relief from the confining duties of 
professional practice. 

To the architectural student such visits are of the greatest value. 
The pleasure and benefit derived from the close examination of actual 
structures, from the solution of the numerous questions which arise in 
efforts to trace the effects of peculiarities of plan and detail, and espe- 
cially from the spirit of good fellowship which always prevails in these 
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out-of-door rambles, cannot fail to stimulate the mind of the most in- 
different. When, as usually is the case, the visiting club is composed 
of young men thoroughly interested in all that may touch uppn the 
many phases of historical architecture, the results obtained are not 
only highly satisfactory, but often of great historic interest. 

The true student of architecture is not content with a simple 
glance or slight inspection, but, with pencil, measure, and book in 
hand, jots down details, notes, and general dimensions, that in later 
days the impression produced by the building visited may not be the 
only remembrance which he possesses. Often, also, these notes and 
rough sketches are rearranged or redrawn, and through the medium of 
either book or magazine are made still more valuable, since they then 
interest a large number of people. 

In America we are handicapped in such work by the absence of 
good examples of the architecture of past generations. The grand 
cathedrals and the smaller but not less interesting churches and 
houses of mediaeval times are here entirely lacking. 

America, however, in its so-called "Colonial Architecture" possesses 
a class of buildings distinctly its own, which is not uninteresting or 
lacking in vitality. • In the variations existing in the buildings erected 
in this country during the seventeenth, eighteenth, and early part of 
the nineteenth centuries we have an excellent opportunity for study. 
The simple and compact colonial house of the New England seaport 
town is not only quite different in character from the generous spaces 
and imposing facades of the Southern mansion of the same period, 
but many changes can also be found in the buildings of even the 
quietest of the older New England villages. These peculiarities in 
the general scheme, in the use of material, and in the arrangement 
of detail can only be appreciated by actual observation and intimate 
study of the architecture of these localities. 

Taking into consideration, therefore, the historical value of these 
American buildings, the good results to be derived from serious in- 
spection of existing structures, and, above all, the great beauty and 
delicacy of much of the colonial detail, the study of this style seems 
to be peguliarly fitted to supplement the classic course pursued by 
the students of the Architectural Department of the Institute. 

During the spring of 1894 an opportunity was afforded for such 
study. On May 3 1 our party of sixteen left Boston for a three weeks* 
study of the old buildings of Salem, Newburyport, and Portsmouth. 
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Thanks to the careful attentions of the officers of the Essex Insti- 
tute, guides and carriages were quickly provided for a ride about town, 
and the afternoon passed only too rapidly while we were visiting the 
houses of the merchant princes of the past century. This general 
view, including the counting-rooms of Derby Street, the colonial 
houses of Essex, Franklin, and Chestnut Streets, many localities re- 
membered for the distressing scenes of the witchcraft trials, and -sev- 
eral places connected with the life of Hawthorne, gave us an excel- 
lent idea of the large number of interesting historical buildings which 
Salem still possesses. 

Our first day away from Boston fittingly closed with the reception 
courteously given us by the Essex Institute. During this evening 
our architectural studies were very pleasantly encouraged by the good 
wishes of interested friends, and we had opportunities for meeting 
many of the people who during the next week so kindly opened their 
houses to us. Next morning, after listening to a talk on Hawthorne 
by Mr. Cousins, and looking over his large collection of Salem photo- 
graphs, we visited the Nichols house (1798), the Whipple house, Ham- 
ilton Hall (1805), South Church (1804), Hodges house (1761), Wash- 
ington Hall, and the Market and Town House (1790). Then began 
the assignment of buildings to be sketched and measured. 

During the following two weeks spent in these three old seaport 
towns, we obtained a great quantity of measured drawings, full size 
details, sketches and photographs, visiting and in part measuring over 
thirty buildings in Salem alone. Nevertheless the excellent colonial 
architecture in these towns was by no means completely recorded, 
and after such a fair beginning the completion of this work is much 
to be desired. 

Even in the short time which has elapsed since our visit, part of 
our work has proved to be of special historical interest, as one of the 
old buildings measured, the Timothy Orne house, Essex Street, Salem, 
erected in 1761, through the growth of the city has been so altered 
and changed for business purposes that nothing is now left of the 
excellent interior woodwork, which had remained in place for one hun- 
dred and thirty years. 

Our longest stop was in Salem, but the few days spent at New- 
buryport and Portsmouth afforded an opportunity for a comparative 
view, at least, of the colonial architecture of these old towns. Both 
Newburyport and Portsmouth offer many excellent examples of brick 
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and wood residences dating from the last part of the eighteenth cen- 
tury. Several measured details and sketches were made of these 
houses, and a few water colors of the picturesque views along the 
water fronts, but the most serious work of the class was accom- 
plished in the hospitable city of Salem. 

The third week was spent at Boston in attempting to translate the 
mass of sketches and rough drawings made on the excursion, and in 
making careful scale drawings combining the most attractive frag- 
ments. Another year it is to be hoped that opportunity will be 
afforded for making the final drawings in the vicinity of the build- 
ings measured. 

As will be seen from the accompanying details from the Unitarian 
Church at Newburyport, parts of these finished drawings are made on 
a large scale in order to give the peculiarities of the moldings as well 
as the general proportions of the objects measured. To illustrate the 
attractive qualities of much of this old work a photograph, made by 
a member of the class from one of the old doorways of Salem, has also 
been inserted. 

On Wednesday and Saturday afternoons our architectural studies 
were turned in new directions, since, although naval architecture was 
not included in the prospectus of the course, the vessels lying in the 
harbors of these old New England towns were then examined with the 
greatest interest. The long sails taken on these afternoons afforded 
keen enjoyment to all, the Western men of the party being particularly 
fascinated by the deep sea motion, the fresh Atlantic breezes, and the 
salty stories of our Yankee skippers. 



SUMMER FIELDWORK IN MINERALOGY AND GEOLOGY. 

The party for summer fieldwork in mineralogy and geology, under 
the charge of Professor W. O. Crosby, spent a fortnight last July in 
visiting the mines and mineral localities of Nova Scotia, and in studying 
the geological formations of that province. Landing at Yarmouth, and 
proceeding thence by rail to Wolfville, Windsor, and Halifax, particu- 
lar attention was given, in passing, to the problems presented by the 
Annapolis Valley and the long line of the North Mountain which sepa- 
rates it from the Bay of Fundy. We saw very clearly that the valley 
is due to the relatively rapid erosion of the soft Triassic sandstone 
forming its floor, and that North Mountain is the outcropping edge 
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of a great sheet of trap interstratified with the sandstone, its level 
crest-line being best explained by regarding it as a remnant of an 
elevated peneplain. The continuation of this peneplain was found in 
the South Mountain on the other side of the valley. 

At Windsor we made as careful a study as the time would permit 
of the highly fossiliferous carboniferous strata along the Avon River. 
A valuable series of fossils' was obtained here, and from the similar 
limestones near Truro, for use in the Geological Laboratory of the 
Institute. Many of these are singularly well preserved, even the most 
delicate parts being almost as perfect as in recent specimens. In the 
extensive and interesting gypsum quarries at Wentworth, near Wind- 
sor, we noted especially that the gypsum is merely a. surface altera- 
tion of the underlying anhydrite, and that the alteration takes place 
in this way : Passing upward from the unaltered anhydrite, minute 
veinlets of gypsum first appear in it ; these become more numerous, 
and widen and coalesce more and more, until the anhydrite is reduced 
to small isolated remnants which finally disappear, and the alteration 
is complete. The gypsum quarries also afford admirable examples of 
chemical erosion in consequence of the ready solubility of the gypsum. 

At Halifax we improved to the utmost the exceptionally good op- 
 portunity for the study of local metamorphism presented by the con- 
tact between the Cambrian slates and a great boss of granite. The 
exposures are so continuous and satisfactory that we were able as we 
approached the granite to trace every step in the metamorphism of 
an ordinary clay slate into a highly crystalline mica schist. This 
proved also to be a very favorable locality for the study of glacial 
phenomena. The glacial striae and furrows are very distinct and 
perfect over the broad outcrops of metamorphic slate, and on the 
granitic area the perched and poised glacial erratics are a striking 
feature, the most notable of these being a rocking stone some twenty 
feet in diameter. 

The gold mines at Montague and Waverly were visited from Hali- 
fax, and both the geology and mineralogy of the auriferous veins re- 
ceived due attention. The conclusion was reached that the very 
remarkable contorted vein at Waverly, affording the so-called "barrel " 
quartz, is an important link in the evidence that the auriferous quartz 
veins of this region are exogenous in origin, and were not formed in 
preexisting open fissures. 

At the Acadia Iron Mines in Londonderry we had an opportunity 
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for additional and very important paleontological work in the Subcar- 
boniferous limestone, and obtained a good series of iron ores from this 
and other sections of the province. The Acadia mines alBford an un- 
usual variety of ores, but the chief ore, and the one giving character 
to the deposits, is the coarsely crystalline ankerite, a triple and vari- 
able carbonate of calcium, magnesium, and iron. The geological his- 
tory of this great deposit of iron ore, which follows the base of the 
Cobequid Range for ten miles, we found to be, in outline, as follows : 
Contemporaneously with the deposition of the mud and sand which 
now form the inclosing slate and quartzite were deposited the car- 
bonates of iron, lime, and magnesia, which subsequently formed the 
ankerite. Then followed the disturbance and tilting of the strata and 
the eruption of great masses of diorite and granite, by which the sed- 
imentary rocks and especially the iron ores were metamorphosed, the 
ankerite, as it was recrystallized, being deposited in all the cracks and 
fissures of the inclosing strata. The small proportion of lim'onite orig- 
inally mixed with the earthy carbonate was changed to specular hema- 
tite and magnetite. The deposit then remained essentially unchanged 
until erosion brought it within the reach of meteoric influences. The 
ferrous carbonate of the ankerite is now undergoing oxidation to 
limonite, and the hollow character of the limonite balls is due to 
the removal in solution of the associated calcium and magnesium 
carbonates. 

A week was spent on the Parrsboro shore, where the Triassic trap 
sheets are so magnificently exposed, with their rich stores of miner- 
als, and the conditions are so favorable for studying the relations of 
the Triassic beds to the great Carboniferous series. Valuable collec- 
tions were made at Partridge Island, Wasson's Bluff, Amethyst Cove, 
Cape d'Or, etc., and many instructive illustrations of previous work 
in dynamic and structural geology noted. 

The fieldwork closed with a visit to the celebrated section of the 
Carboniferous strata on the South Joggins shore. This is easily one 
of the most important geological sections in the world, and classic 
ground for the student of historical geology. We have here in one 
continuous section neai-ly three miles in thickness of strata embrac- 
ing no fewer than seventy seams of coal, varying from a fraction of 
an inch to four feet in thickness, each seam having a floor of fire-clay 
and a roof of carbonaceous shales. Of special interest are the trunks 
of sigillaria and calamites standing perpendicular to the stratification 
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since they prove rapid deposition of the inclosing strata. Every layer 
of fire clay is a fossil soil, hence an ancient land surface. Every seam of 
coal is the compressed and carbonized vegetation that grew on that soil 
where the surface was of a marshy character. When a subsidence per- 
mitted the waves to wash mud over the marsh the formation of pure 
coal ceased, and there were formed instead the carbonaceous (coaly) 
shales covering the coal. And when the subsidence was sufficiently 
rapid the larger trees were buried to a depth of ten to twenty feet in 
mud and sand before they had time to decay and fall. This sequence 
of events was repeated over and over again during the formation of 
the Joggins strata. The extensive grindstone quarries and works at 
Lower Cove and the Joggins Coal Mine, 2,700 feet deep, also afforded 
us instructive and interesting experiences. 



SUMMER INSTRUCTION IN THE CLASS ROOMS AND LABORATORIES 

OF THE INSTITUTE. 

During a portion of the past summer vacation instruction was for 
the first time given in the lecture rooms and laboratories of the Insti- 
tute by members of its instructing force. These summer courses par- 
took of the character of private instruction, sanctioned by the Faculty, 
and were originated in the belief that students of the Institute having 
arrears at the close of the year would avail themselves of an opportu- 
nity to make up such deficiencies by summer work, in order that they 
might enter succeeding years unhampered by this necessity for extra 
labor. Students with clear records would be enabled, through this 
instruction, to acquaint themselves with subjects which, though not 
included in the schedules of their respective courses, might prove to 
be valuable helps in professional work. Still others, it was thought, 
n^ight gain additional experience in professional work itself beyond 
that possible in the prescribed courses of the Institute. 

During June and July, 1894, courses of six weeks' duration each 
were offered as follows : French and German, by Professors van Daell 
and Dippold ; Analytical Chemistry, by Professor Talbot ; General 
Chemistry, by Professor Bardwell ; Organic Chemistry, by Dr. Evans ; 
Physics, by Mr. Wendell ; Analytic Geometry and Integral Calculus, 
by Mr. George ; Descriptive Geometry, by Mr. C. M. Faunce. 

The students attending these courses represented every class for 
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whom the courses were designed, and the hearty way in which the 
work was carried on seemed to indicate a gratifying appreciation of 
the opportunities oiBfered. The announcement of the list of subjects 
in which instruction would be given was necessarily delayed until the 
closing days of the Institute year, to which may be attributed the fact 
that the attendance last summer was comparatively small. The intro- 
duction of these courses at this time was wholly tentative, but the 
results of the experiment seem to point to a successful future for 
summer instruction. 
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THE INSTITUTE AND THE STUDY OF THE PREVEN^ 

TION OF LOSS BY FIRE,^ 

Boston Manufacturers' Mutual Fire Insurance Co. 

March, 1895. 

President Francis A. Walker. 

Dear Sir: In the conduct of the work of developing the science 
of preventing loss by fire, establishing the principles of mill construc- 
tion, and perfecting appliances for putting out fires, the work of the 
professors, graduates, and students of the Massachusetts Institute of 
Technology has been of paramount influence. The subjects which it 
has been necessary to investigate and by scientific methods to bring 
into common practice are many. 

1. Lubrication. The introduction of the mineral or paraffine oils 
has made a complete revolution in the matter of lubrication, doing 
away, so far as they are used, with the danger of spontaneous combus- 
tion, but subjecting factories to other hazards. The work of develoj>- 
ing this subject was intrusted to Professor John M. Ordway, and he was 
assisted by Mr. C. J. H. Woodbury, a student of the Institute and an 
employee of this company. Mr. Charles N. Waite, a graduate of the 
Institute, also did much valuable work in establishing the science of 
lubrication. One result of this investigation was the invention of the 
only existing machine for determining the coefficient of friction. The 
final result was a complete revolution in the distillation of oil, and an 
annual saving to the members of this company only, more than equal to, 
in fact many times in excess annually of the sum which you now ask 
from the State in order to maintain your present position. The influ- 
ence of this investigation has spread throughout the community, 
changing all the conditions and diminishing the hazard of fire. 

2. Other oils, animal and vegetable, which are made use of on 
wool and in other ways, the science of oil if it may be so called, was 
investigated. Apparatus for getting up rapid oxidation, commonly 
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called spontaneous combustion, was invented. The subject of the 
treatment of wool by naphtha for cleansing purposes, which is now 
becoming a very important factor, was thoroughly worked up by Mrs. 
Ellen H. Richards, and included in a report under date of May 5^ 
1879. Tests for adulteration were established, and from that tfme to 
the present scarcely a month has passed without my being called 
upon to send examples of oil to Mrs. Richards to be passed upon on 
questions of safety, purity, and the like. 

3. Automatic sprinklers. In 1880 it became apparent to me that 
some new safeguard must be found to meet the increasing danger of 
high speed, rapidly oxidizing dye stuffs and other materials, and in- 
creasing floor areas. The automatic sprinkler had then been invented. 
It became necessary to study the nature of the fusible solder or alloy 
used therein, to determine its durability, and to decide in advance what 
would be the effect of water sealed up for many years upon metals, in 
the expectation of its being released by the heat of a fire in thirty to 
sixty seconds. The investigation was complete. It was conducted 
in the metallurgical department, and exhaustive experiments were 
made by Mr. Woodbury. Subsequently the whole matter has been 
in the charge of Mr. John R. Freeman, a graduate of the Institute, 
There is no appliance in existence which has saved so much property 
from destruction, relatively to its cost, as this appliance. 

4. The friction of water in iron pipes, in leather and fabric hose, 
has been conducted mainly under the charge of Mr. John R. Freeman, 
and from these experiments the hydraulics of fire protection have been 
established upon a scientific basis. Standards of hose and of play 
pipes have been established under the name of the " Underwriter 
Hose and Play Pipe." Smooth weaving has been substituted for 
rough weaving in fabric hose, greatly diminishing friction, and there- 
fore lessening the danger of bursting the hose. The friction of water 
in iron pipes has been reduced to rules, which have enabled me to put 
before every member in simple terms the information by which a lay- 
out of a fire service can be readily made. The construction of the 
steam fire pump has also been greatly improved by Mr. Freeman, and 
the "Underwriter Pump" made on the specifications established by 
him is now the standard fire pump. 

5. Electricity has called for very serious attention, having been 
introduced in the factories under my charge before any general devel- 
opment had occurred. With the aid of Professor Cross and others, 
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graduates of the Institute, rules were .established for installing electric 
plants, which have become the common rules throughout this country. 
They have been subject to variation with the development of the sci- 
ence, but no material change has been made. All the electric com- 
panies of repute have cooperated with us, and our present inspector of 
electric plants is Mr. E. V. French, a graduate of the Institute. The 
advice of Professor William L. PuiBfer, of the Institute, has been of great 
value to us in keeping pace with the rapid changes in the electric arts 
and in guarding against the fire hazard therefrom. To-day we rely 
upon the electrical laboratories of the Institute for our most important 
electrical tests, and upon Professor Puffer as our consulting electrical 
expert. 

6. The system of slow burning or mill construction has been per- 
fected. It is now becoming the common practice all over the country 
in works and warehouses, even those that never come under the super- 
vision of the Factory Mutual Insurance Companies. In the develop- 
ment of this subject the tests of timber, made by Professor Lanza 
with the apparatus of the Institute, have served a most valuable 
purpose. 

7. Many substances which are used for the purpose of retarding 
fire — compounds, paints, etc. — have been tested at the Institute. 
The rubbish has been rejected and the useful kinds have been estab- 
lished. 

8. The whole subject of the covering of steam pipes and boilers 
was treated exhaustively by Professor John M. Ordway, and from the 
results of those tests new inventions have ensued to the great benefit 
of all steam users. 

9. The subject of glazing is under treatment. It is probable that 
hereafter factories and workshops will be glazed mainly with fine 
ribbed glass, diffusing the light and stopping the glare. The photo- 
metric measurements and the photographic images which have enabled 
me to develop this subject were made by Mr. Charles W. Hinman, 
a graduate of the Institute. Many other minor subjects have been 
dealt with, and there yet remains a great deal of work to be done. 

10. The conductivity of glass with respect to heat is under con- 
sideration. 

11. A joint undertaking to determine the science of bricks, mor- 
tars, and cements is under way, with the cooperation of Professor 
Shaler, of the Lawrence Scientific School. 
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12. The subject of smoke prevention is pressing for solution. 

13. The protection of iron and steel from heat and from rust, in 
buildings framed of these metals, is a subject of paramount impor- 
tance. 

It is possible that all this work could have been done had there not 
been a Massachusetts Institute of Technology, but it would have taken 
a very much longer period of time, with less assurance of true results. 

There are now in the service of the Factory Mutual Insurance 
Companies the following graduates and students of the Institute : 

Mr. Joseph P. Gray, vice-president of this company. 

Mr. John R. Freeman, chief of the Bureau of Inspections. 

Messrs. Waldo E. Buck, Loammi F. Baldwin, Frank L. Pierce, B. G. 
Buttolph, Macy S. Pope, Harry B. Burley, and E. V. French, inspect- 
ors and assistants. 

Mr. L. H. Kunhardt, head draftsman. 

Messrs. S. N. Braman, J. G. Morse, A. L. Kendall, F. M. Heer- 
mann, E. D. Pingree,'and J. H. Rowland, draftsmen. 

The outside experts to whom we frequently refer members for 
professional assistance are Messrs. Charles T. Main, C. W. Hinman, 
and Harvey S. Chase, graduates of the Institute. 

For myself I can only say that, never having enjoyed the training 
either of the university or of the technical school, I could never 
have developed even the conception of the science of preventing fires 
except for the support, aid, and instruction which I constantly derived 
during my long intercourse with the late William B. Rogers, whom it 
was my privilege to support for so many years in the early history 
of the school. 

If it will be of any service for me to appear before the Finance 
Committee on the application of the Institute of Technology for a 
little more State aid, I think it may be of great interest to them for 
me to develop these matters more fully in detail, and by reference to 
our various accounts to give them some idea of the magnitude of this 
work, which counts for a saving to the manufacturing community of 
this section in millions of dollars. 

Respectfully submitted, 

Edward Atkinson. 
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BOOKS RECEIVED, 
Eclectic English classics. D. New York, American Book Co. 

Defoe. History of the plague in London. 1894. 

George Eliot. Silas Marner. 1894. 

Emerson. American scholar. Self-reliance. Compensation. 1893. 

Irving. Tales of a traveler. 1894. 

Ten selections from the Sketch book. 1892.. 
Macaulay. Essay on John Milton. 1894. 

Life and writing^ of Addison. 1894. 
Milton. L*Allegro, II Penseroso, and Lyddas. 1894. 
Scott. Lady of the Lake. 1893. 
Marmion. 1893. 
Woodstock. 1894. 
Shakspeare. Merchant of Venice. 1893. 

Midsummer Night's dream. 1894. 
Twelfth Night 1892. 
Webster. Orations on Bunker Hill Monument, the Character of Waishington^ and the 
Landing at Plymouth. 1894. 

English classics for schools. D. New York, American Book Co. 

Arnold. Sohrab and Rustum. 1893. 
Macaulay. Second essay on the Earl of Chatham. 1892. 
Scott. Ivanhoe. n. d. 
Abbot. 1893. 
Shakspeare. Julius Caesar. 1892. 

Funk, Isaac K. ed. Standard dictionary of the English language. 
Volume 2. 106 1 -23 1 8 p. il. pi. New York, Funk & Wagnalls, 
1895. 

Means, James, ed. Aeronautical annual, 1895. 172 p. il. O. Boston^ 
W. B. Clarke & Co., 1895. 

National electric light association. Proceedings of the 17th conven- 
tion, 1894. 

Banm, George E. Tour around the world. 430 p. por. D. New 
York, Gottsberger, 1895. 

Union Switch & Signal Co. Catalogue of. the devices and their parts 
manufactured by the Union Switch & Signal Co. 351 p. il. F. 
Swissvale, 1894. 

Walker, Francis A. General Hancock. (Great commanders series.) 
332 p. por. D. New York, D. Appleton & Co., 1894. 

Walker, Francis A. Making of the Nation, 1783-18 17. (American 
History series 3.) xv, 314 p. 2 maps. D. New York, Charles 
Scribner's Sons, 1895. 
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